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EXECUTIVE SUMMARY

The 1.97 million acre Kenai Narional Wildlife Refuge (KNWR) is located on the Kenai Peninsula in
southcentral Alaska and is administered by the US. Fish and Wildife Service (Service). Management
of moose is one of the most important resource issues on the KNWR, and was in fact the primary
purpose for its establishment in 1941 zs the Kenai National Moose Range. As the principal ungulate
species on the KNWR, moose provide 2 primary food base for several predator and scavenger species.
Viable and healthy moose populations help maintain and enhance biodiversity on the KNWE_ In
addition, opportunities for consumptive and nonconsumptive uses of moose attract a large number of
human visitors to the KNWER. annually.

The current estimate of the number of moose in Alaska Game Management Unit 15, most of which
lies within the KNWR, is 5,500. Moose populations on the KNWR support an apparently stable
population of wolves and are an important food item for black and grizzly bears and for several
mammalian and avian species which scavenge predator- or winter-killed moose, including covotes,
lynx, bald eagles, ravens, and wolverines. Recent increasing trends in Alaska’s population and
visitation to the state can be expected to affect the KNWR through increasing demands on natural
resources, and the potential for negative impacts of human activities on wildlife, such as loss and/or
fragmentation of habitat. The KNWR will continue to experience the highest level of public use of
any national wildlife refuge in Alaska. The Service’s mandates for managing wildlife and habitats in
their natural diversity while providing opportunities for wildlife-oriented recreation on the KNWR
suggests the need for maintaining moose populations on the KNWR at near-current densities, subject
to namral fluctuations.

The KNWR Moose/Habitat Management Plan was developed to guide future Service management of
moose/habitat on the KNWR. The present status and trend of KNWR moose populations are
evaluated, and factors affecting moose population dynamics are examined. Based on these anaivses,
the Service proposes to work with the Alaska Department of Fish and Game (ADF&G) in the
following actions to maintain viable and healthy moose populations at near-current densities on the
ENWR: 1) implementation of 2 long-term habitat manipuiation program using prescribed bumning 2s a
primary tool; 2) continued monitoring of the status of moose populations using aerial surveys, direct
animal assessments, and habitat evaluation; 3) continuation of selective harvest regulations for bull
moose and establishment of moose population composition objectives for moose populations in the
northern, central, and southem portions of the KNWR; 4) examination of predator-prey relationships
and highway accidents involving moose in order to determine their future implications to moose and
predator population dynamics and moose management; and 5) identification of research priorities
related to moose management on the KNWR.

The Need For Action

Forest succession following human-caused wildfires has been the primary factor affecting mooss
population dynamics on the Kenai Peninsula during the past century. Early seral forest habitats
following fire on the Kenai Peninsula are especially favorable for moose, because they support high
densities of important forage species including paper birch, aspen, and willow. Because these species



must compete with black and white spruce for canopy dominance in later successional stages, they
ultimately grow out of reach for moose and are less dense as understory components. Habitat quality
and carrying capacity for moose therefore declines as these seral forest stands marure. Two major
wildfires occurred on the northemn Kenai Peninsulz, in 1947 and 1969, and both resulted in major
moose population increases. Significant moose population declines will occur as habitat quality in
seral habitats created by these fires declines with forest succession.

The Kenai Peninsula is being affected by an outbreak of spruce bark beetle (Dendroctonus rufipennis).
The State of Alaska, Division of Forestry, plans for widescale logging on the Peninsula to harvest
timber killed by the beetle. Approximately 52,000 acres are 1o be cut on state land during the next
five years. Logging will produce early seral habitats favorable to moose. Extensive logging is also
occuring on Cook Inlet Region Incorporated (CIRI) lands on the Kenai Peninsula. Owver the past 4
years 10,600 acres have been selectively cut (live and dead spruce) with an additional 19,500 acres 10
be cut over the next few years (Mike Franger, Land Manager for CIRI, pers. comm.).

Management Recommendations

Habitat Management

Prescribed bumning is the most practical, economical, and ecologically sound means to maintain early
seral forest stands in the acreages necessary to sustain near-current moose densities on the KNWR and
to manage the amount and continuity of forest fuels in order to decrease the risk of large and
carastrophic wildfires. Prescribed burning for moose habitat improvement is contingent on fire
funding (9120) or refuge operation funding (1261) dedicated to habitat manipulation. This Plan
presents three levels of habitat management using prescribed burning: 1) a no action alternative; 2) a
minimal action (1-2,000-acres-per-year minimum) alternative; and 3) a moderate action (2,000-4.000-
acres-per-year minimum) alternative. The moderate action manipulation level is the Service's
preferred alternative. This means that 2 minimum of 2,000 to 4,000 acres of late-successional habitat
will be manipulated per year to an early-successional habitat. The Service recognizes that in some
Yyears, conditions may prohibit manipulation, while in other vears, the minimum acreage will be
excesded. The Service proposes habitat manipulation objectives for the first three years of this Plan’s
implementation of 10,369 acres in the Mystery Creek Road area (northemn KNWR) and 1,000 acres in
the Funny River Road - Slikok Lake area (central KNWR).

The Service recognizes that smoke-related problems (decreased air quality, interference with air and
highway traffic) and escaped fires from prescribed burning activities are inherent risks associated with
this habitat management tool. The Service will minimize the potential for their occurence through
sinct adherence to federal and state air quality regulations and Alaska Department of Environmental
Conservation permit stipulations, and through active cooperation with the Alaska Division of Foresoy,
the agency with primary fire suppression responsibilities on the west side of the Kenai Peninsula.

Monitoring the Status of Moose Populations

The Service proposes conducting aerial moose censuses in cooperation with ADF&G at three-year
intervals in Game Management Subunit (GMS) 15A. and at fi ve-year intervals in GMS 15B and GMS



15C. Annual moose composition survey techniques which allow estimation of observable moose and
of age and sex components will be evaluated and adopted if practical in order to improve the among-
vear comparability of survey data. Systematic browse utilization surveys will be conducted annually
in representative habitats. The Service will continue to support research activities at the ADF&G
Moose Research Center as per cooperative agreement.! These activities include efforts to assess
moose population status using physiological indices of overall health of individual animais and
determining genetic variability in Kenai Peninsula moose populations.

Harvest Regulations and Population Compesition Objectives

The Service recommends continuation of selective harvest regulations for bull moose on the Kenai
Peninsula. Since 1987, bulls legal for harvest must possess either 2 spike/fork antler configuration on
at least one side, have a 50" or greater antler spread, or have at least three brow tines on at least one
side.

The Service's mandate for managing for namral diversity of wildlife populations and habitars on the
KNWR requires maintaining biologically-sound sex and age structures in moose populations which
ensure optimum reproductive performance and maintenance of population quality through genetic
variability. Establishment of moose population composition objectives for moose populations on the
ENWRE is an anempt to do so, while allowing for varving levels and types of public use. These
objectives (developed cooperatively with ADF&G) are as follows: 1) northem KNWR (on KNWR
portion of GMS 15A) 25-30 bulls: 100 cows, (within the Skilak Wildlife Recreation Area) 40 bulls:100
cows; 2) central KNWR (on KNWR portions of GMS 15B-West) 25-30 bulls:100 cows, (on KNWR
portions of GMS 15B-East) 40-60 bulls:100 cows; 3) southemn KNWR (on KNWR portions of GMS
15C-Caribou Hills) 40-60 bulls:100 cows, (on KNWR portions of GMS 15C-excluding Caribou Hills)
25-30 bulls:100 cows. Current harvest regulations have resulted in gradual increases in overall
bull:cow ratios and in prime-age bull:cow ratios on the KNWR. Bubenik (1987) considered 4-8 year
olds as prime-age bulls. These animals have a higher reproductive success because of their physical
and behavioral superiority (antler development, body size, threat displays, sparring, and fighting).

The refuge recognizes that low bull:cow ratios and severely skewed male age structures due to harvest
intensity might not be in the best longterm interest of Kenai Peninsula moose populations. Pregnancy
rates have apparently not been impacted by low bull:cow ratios in Alaska (as pointed out in the
Technical Supplement and in Schwartz er al, 1992), but there is concern that skewed sex ratios and
male age structures heavily favoring the younger age classes might over the longterm negatively
impact genetic variability and population viability.

Higher bull:cow ratio objectives for the Tustumena Benchlands and the Caribou Hills recognize the
importance of these critical habitats as moose rutting areas where large-antlered bulls have historically

; Support of the Moose Research Center would consist of road maintenance, limiied faciliti=s maintenance,
access 10 laboratory space and equipment, and possibly temporary personnel. (from Kenai Refuge Final
Comprehensive Conservation Plan, p.129). The supplement to the coopcrative agreement, dated 26 February 1968,
which addresses the Moose Research Center is outdated. A draft Memorandum of Understanding, dated 13 March
1982, was never signed. The refuge manager has regucsted direction from the Regional Office on 2 renewal of the

Supplemental Cooperative Agreement.
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congregated for the rut, (which is not adequately addressed in the refuge's Comprehensive
Conservation Plan). The 40-60 bulls:100 cows ratio provides a benchmark. Should changes in access,
visitation rates, harvest strategy, etc., occur which significantly impact moose populations in these
habitats, a framework will be in place for these management areas. More effort is needed to gather
population and composition data in these areas.

Predator-Frey Relationships and Highway-related Mortality

Recent moose population dynamics in the northern KNWR have shown that a moderate density moose
population can increase in a multiple predator-moose system (wolves, black bears, and brown bears)
when habitat conditions become favorable. The potential for providing sustained numbers of moose to
support healthy predator and scavenger populations and high levels of human use on the KNWR using
habitat management is greatest before moose densities decline due to the progressive loss of productive
habitats creared in the past by wildfires. Fecent research indicates that when moose populations
decline to low densinies as a result of decreasing habitat quality, moose populations may not respond
to improved habitat resulting from a wildfire or habitat manacement due to the potentially controlling
effect of predarion at low moose densities.

Highway accidents involving moose are an increasingly serious public safety hazard on the Kenai
Peninsula and have potential to limit moose population growth. Highway accidents are an important
source of mortality for breeding-age cow moose on the Kenai Peninsula. The Service proposes to
concentrate wintering moose away from roads and residential areas using habitat management and
supports expansion of public awareness campaigns to reduce the incidence of roadkills.

Research/Management Study Priorities

The Service and ADF&G identify the following as priorites for information gathering related to moose
and habitat management on the KNWR: 1) prescribed fire research involving site and prescription
vaniables; 2) vegetation studies involving fire frequencies, the effects of browsing by herbivores,
relationships of fire to blue joint grass, and effects of spruce bark beetle infestations; 3) a population
idennity study of moose utilizing early seral habitats on the northem KNWR; and 4) refinement of the
ADF&G’s computerized population simulation models for KNWR moose populations.



INTRODUCTION

The Kenai National Moose Range (Moose Range) was established by President Franklin D. Roosevelt
on December 16, 1941, under Executive Order 8979. Its primary purpose was to protect the "giant
Kenai moose” and its habitat. Expanding moose populations following fires between 1871 and 1910
drew amention to the area from sportsmen, market hunters, and early conservationists (Spencer and
Hakala 1964). Concern over winter die-offs during the 1920s, believed 1o be due to deteriorating
range conditions and severe winter weather (Walker 1923), resuited in a formal proposal in 1932 by
the Alzska Game Commission to create 2 national moose reserve to protect this valuable resource.
Ongoing scientific investigations (Paimer 1938, 1939) ultimately led to the establishment of the Moose
Range in 1941 (Spencer and Hakala 1964).

The Alaska National Interests Lands Conservation Act (ANILCA) redesignated the Moose Range as

the Kenai National Wildlife Refuge (KNWR) on December 2, 1980. The purposes of the refuge are

1) to conserve fish and wildlife populations and habitats in their natural diversity including, but not
limited 10, moose, bear, mountain soats, Dall sheep wolves and other furbearers, salmonids and other
fish, waterfowl and other migratory and nonmigratory birds; 2) to fulfill international treary obligations
with respect to fish and wildlife and their habitats; 3) 10 ensure water quality and quantity; 4) to
provide opportunities for research, interpretation. environmental education, and land management
training; and 5) 1o provide, in 8 manner compatible with these purposes, opportunities for fish and
wildlife-oriented recreation.

Moose management remains one of the most important resource issues on the KNWR. Opportunities
for consumptive (hunting) and nonconsumptive (viewing, photography) uses of moose attract a large
number of visitors annually. As the principal ungulate species on the KNWR, moose provide a food
base for several predator and scavenger species. Moose are the primary prey for wolves and an
important prey item for black bears (calves) and brown bears. Many smaller mammalian and avian
predators and scavengers such as wolverine, coyotes, Iynx, bald eagles, ravens, and magpies scavenge
winter-killed and predator-killed moose. Recognizing the importance of this resource, the KNWR
Comprehensive Conservation Plan (1986) stipulared that a step-down management plan for moose
populations on the KNWR would be developed and implemented.

A Master Memorandum of Understanding (1982) between the U.S. Fish and Wildlife Service (Service)
and the Alaska Department of Fish and Game (ADF&G) regarding fish and wildlife manasement in
Alaska among other agreements recognizes that ADF&G is the primary agency for managing fish and
resident wildlife within the State of Alaska. It also recognizes that the Service will manaee habitat on
Service lands in Alaska in order 1o ensure conservation of fish and wildlife popuiations and their
habitats in their natural diversity and that fish and wildlife populations will be managed in their natural
diversity on Service lands in Alaska

This Plan details specific management actions to be undertaken by the Service on the KNWR,
including habitat management and cooperation with ADF&G in monitoring the status of moose
populations using aerial surveys, habitat evaluation, and direct animal assessments. It outlines
ares-specific moose population composition objectives (developed in cooperation with ADF&G) for
the KNWR. Options for regulating harvest to mest these composition objectives are presented for
consideration. It addresses predation and roadkills, rwo important mortality sources for moose on the



KNWR. The Plan identifies several informational needs and research priorities related to moose
management on the KNWR. Lastly, the Plan gives a history of KNWR moose management and
discusses the implications of recent moose population dynamics.

A comprehensive review of moose population and habitat data and assessment of factors influencing
moose population dynamics on the KNWR since its establishment are presented in the Technical
Supplement to the Plan. Moose management objectives and recommended strategies presented in the
Plan are based on information summarized in the Technical Supplement. Readers are encouraged
refer to this document as necessary for more detailed informanon.

The Kenai National Wildlife Refuge

Physical Description

The original KNWR boundaries in 1941 encompassed 2.06 million acres (833,000 ha). Boundary
changes in 1964 reduced its size to 1.73 million acres (700,000 ha) by removing areas along the Kenai
River, coastal lands between the Kasilof River and Point Possession, and a portion of the Harding Ice
Field. ANILCA added nearly 250,000 acres (100,000 ha) to the KNWR and designated 1.35 million
acres (550,000 ha) as wildemness. With the addition of these lands, the current boundaries encompass
1.97 million acres (797,000 ha) (Figure 1). The KNWR is the single largest federal land management
unit on the Kenai Peninsula.

Thres major landforms are present on the KNWR: the Kenai Mountains, the Tustumena Benchiands,
and the Kenai Lowlands. The eastern portion of the KNWR lies within the Kenai Mountains, which
range in elevation from 3,000 to 6,600 feet (900-2000 m). The Tustumena Benchlands, located
berween Skilak and Tustumena lakes, is 2 270 mi® (700 km®) plateau ranging from 800 to 2300 feet
(250-700 m) in elevation in the east-central portion of the KNWR. The Kenai Lowlands comprise the
western two-thirds of the KNWR. These lowlands consist of ground moraine and stagnant ice terrain
with low ridges, hills, and muskeg. Relief ranges from 50 to 250 feet (15-76 m) and the area contains
thousands of lakes and ponds.

Vegeration

Habitats on the Kenai Lowlands are predominantly forested with a mixture of white spruce (Picea
glauca), black spruce (P. mariana), quaking aspen (Populus tremuloides), and paper birch (Berula
papyrifera). White spruce is the climax species on well-drained soil and black spruce dominates on
pooriy-drained sites. Approximately half of the forested areas on the Kenai Lowlands ar= in various
successional stages due to fire. Two large human-caused wildfires, in 1947 and 1969, have occumred
since the KNWR’s establishment. The 1947 bumn encompasses 483 mi® (1250 km®), and the 1969
burm encompasses 136 mi® (352 km®) (Figurs 2). The major woody vegetation in these burned aress
varies considerably with white and black spruce, paper birch, quaking aspen, and several species of
willow (Salix spp.).

Habitats in the Tustumena Benchlands are characterized by a white spruce dominated forest
g.r&ding into a subalpine shrub community at higher elevations. Paper birch and quaking aspen are
interspersed in various densities throughour the spruce forest, and black contonwood (Populus

6
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Figure 1. Location of the Kenai National Wildlife Refuge, Kenai Peninsula, Alaska.
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Figure 2. Location of the 1947 and 1969-burns on the Kenai Lowlands, Kenai Peninsula,
Alaska .
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trichocarpa) is found along streams and rivers. Willow and Sitka alder (Alnus sinuata) predominaie in

he shrub community.

Forests in the Kenai Mountains are dominated in inland areas by white spruce and in coastal arsas by
Sitka spruce (P. sitchensis). Mountain hemlock (Tsuga canadensis) and westen hemlock (70
heterophylia) also occur in foothills. The spruce-birch complex tends to dominate at lower elevations
while the spruce-hemlock type is more common zbove 650 feet (200 m). Pure hemlock stands are
also found. Alpine tundra is comprised of tall shrub (willow and alder) and dwarf shrub-licher

communines.

Relationship of the KNWR with Alaska Game Management Units

The Kenai Peninsula contains two State of Alaska Game Management Units (GMU). GMU 7 and
GMU 15 cover the eastern and westem portions of the Peninsula, respectively (Figure 3). GMU 7 is
bounded on the west by the Kenai Mountains and extends eastward to the Gulf of Alaska and Sargent
Icefield. GMU 15 is subdivided into Game Management Subunits (GMS) 154, 15B, and 15C. GMS
15A is boundad on the south by the Kenai River, on the north and west by Cook Inlet, and on the east
by the Kenai Mountains. GMS 15B lies berween the Kenai River and Skilak Lake to the north and
the Kasilof Fiver and Tustumena Lake to the south. It is bounded by Cook Inlet in the west and the
ENWR boundary in the east. GMS 13B has been further divided for moose management purposss
into GMS 13B-West and GMS 15B-East. Most of GMS 13A and GMS 15B lie within the boundaries
of the KINWR, as do the northem portion of GMS 15C and a small area in the northwestern comer of
GMU 7.

Although some interchange oceurs berween moose populations within various GMUs and GMSs on the
Kenai Peninsula, they contain more or less discrete moose populations. Their boundaries are thersfore
less artificial for moose management purposes than those of the KNWR. GMUs and GMSs on the
Kenai Peninsula have historically been used as survey areas for fall population compesition surveys
and, beginning in 1987, as survey areas for density surveys which generate moose population
estimates. For these reasons, the area-specific moose management objectives and strategies presented
in this Plan unlize portions of the KNWR within GMS’s 154, 15B, and 15C to define management

zones for moose.

FUTURE MOOSE MANAGEMENT ON THE KNWR
Moose Management Objectives

Moose populations on the Kenai Peninsulz north of Tusmumena Lake have responded in dramatic
fashion to the conversion of climax forest types (primarily white and black spruce forests in the
Kenai Lowlands) to early seral forests (aspen and birch) by fire and other perturbations which have
occurred since the late 19th century (Lutz 1960, Spencer and Hakala 1964, Bishop and Rausch 1974,
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Bailev 1978, Bangs and Bailey 1980). Plant species in these early successional habitats inclnde the
principal browse species for moose on the KNWR: paper birch, quaking aspen, and several species of

willow,

The KNWR Comprehensive Conservation Plan sets a2 numerical population objective of 5,500 moose
for the KNWR. Of this total, the objective for GMS 15A is 3,600 moose. The uncertainties
associated with the future creation and maintenance of new early seral habitats (either by unplanned
wildfires or planned habitat management) limit the usefulness of establishing numerical objectives for
various moose populations on the KNWR. This is especially true for the GMS 15A moose population
which is subject to the loss of prime habitat as the 1969 burn mawres. The moose management
objectives presented in this Plan therefore do not include numerical population objectives. Rather,
they include projections of GMS 15A moose populations under three potential habitat management
scenarios: no management, minimal management (1-2,000-acres-per-year managed), and moderate
management (2-4,000-acres-per-year managed). These objectives are discussed below.

Within the context of the purposes for the KNWR’s establishment and in cooperation with ADF&G,
the primary moose management objectives on the ENWR involve maintaining moose densities
consistent with 1) providing a prey/food base capable of supporting viable and healthy predator and
scavenger populations, thus maintaining namral diversity of wildlife; 2) preventing chronic over-
utilization of forage plant species which could result in long-term negative impacts on habitat diversity
and quality; 3) providing opportunities for scientific study; and 4) providing opportunities for
wildlife-oriented recrearion, including consumptive and nonconsumptive uses.

Mesting these moose management objectives will require 1) maintaining an adequate habitar base such
that moose populations remain on a high nutritional plane and food resources are not limiting
population growth; 2} maintaining biologically-sound sex and age structures which ensure maximum
reproductive performance and maintenance of population qualiry through genetic variability; and 3)
careful monitoring of moose population status. The following are therefore prerequisite to mesting
these moose management objectives on the KNWR and represent the goals of this Plan:

1) development of a long-term habitat management program for the KNWR, primarily using
prescribed fire, which defines area-specific objectives for locations and total acreage of
habitat to be manipulated.

2) development of a standardized and systematic moose population assessment program for the
KNWR which includes three components: a) aerial surveys to gather population statistics; b)
habitat evaluarion; and ¢) direct animal assessments.

3) identification of area-specific population composition (sex and age structure) objectives for
moose populations throughout the KNWR, and recommendation of harvest strategies to help
meset these objectives.

4) discussion of predation and roadkills in relation to moose population dynamics.

5) identification of informational needs and research priorities related to moose management on

the KNWR.

Nonconsumptive use of moose, including viewing and photography, must be accommodated on the
ENWR. Wildlife viewing will continue to be a2 major emphasis of management in the Skilak Lake
Wildlife Recreation Area (SLWRA). Opportunities for recreational uses of moose will continue to
emphasize the wildemness character of designated Wilderness areas on the KNWER.
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Moose Management Recommendations

Habitat Management
Purpose and Objectives

This portion of the Plan describes a program of vegetation management which, if successfully
implemented, will increase the long-term minimum amount of early seral forest habitat on the KNWR,
while decreasing the risk of major wildfires by reducing the amount and continuity of forest fuels.
Specific objectives of the Habitat Management section are as follows:

Describe the current forest habitat mosaic on the Kenai Lowlands

Establish the quantity and location of KNWR lands available for forest habitat manipulation.
Us=s a computer model to predict the long-term effects of different levels of annual vegetation
manipulation on the abundance of early seral forest habitat, and on moose populations. Select
a preferred alternative.

Establish a procedure to prioritize KN'WR lands for habitat management.

Describe specific project areas for the first five years of Plan implementation.

Discuss other needs of the habitat management program for evaluation and planning.

Evaiuate and select techniques available for manipulation of habitat

Outline a five-vear work plan with personnel. equipment. and fiscal requirernents to mest
habitat management objectives, based on the preferred alternative.

W

=i h W

Description of Current Forest Habitat Mosaic

In much of interior Alaska, extensive glacial and riparian seral communities, constantly renewed by
erosion, flooding, and scouring by ice, provide a relatively stable early seral forest habitat for
wimntering moose (LeResche er al. 1974). Wildfires supplement this permanent base with transient
local expansions of early seral habitat, resulting in moose populations which often fluctuate widely but
remain generally above those supported by the glacial and riparian base. The Kenai Lowlands, in
contrast, have a very limited stable habitar base, consisting of a few narrow stream corridors and
glacial outwash plains. Therefore, while the Kenai Lowlands have the potential for providing
excellent moose habitat, the carrying capacity in the absence of fire and other large-scale disturbances
is quite low. History supports this theory (Spencer and Hakala 1964). In recent years, residential and
commercial development along the road system has provided additional disturbed habitat amractive 1o
wintering moose, but has also resulted in high mortality rates due primarily to moose/fvehicle
interactions (DelFrate and Spraker, 1991).

Figure 4 and Table | map and deseribe all major seral forest habitats resulting from wildfires and
other habitat disturbances from the 1947 Skilak Lake fire until 1995. Winter browse available for
moose in the 1947 bumn has declined almost to the level of the surrounding mature forest. These data
indicate that a5 the 1969 Swanson River fire loses its productive capacity for moose over the next
severzl vears, significantly less early seral forest habitar will be present. The Kenai Lowlands are
apparently on the brink of a substantial decline in optimal moose wintering habitat.

The future of forest fuel accumulation and resulting increase in the danger of a large and costly
wildfire is predictable. In recent years the 1947 and 1969 bums, by virtue of their location and
immense size, have provided the northern Kenai Lowiands with a significant measure of protection
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Figure 4.

Major upland habitat disturbances from 1947 o 1991 on the northhwestem Kenai
Peninsuia. Letter iabeis of habitar disturbances refer to Table 1.
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Table 1. Major forest habitat disturbances en the Kenai Lowlands in GMS 1SA
and GMS 15B, 1547 £o 1995. Letters in column 1 refer te Ficure 4.

HMap Type of Araa
REeference Tear éigsurbance [aczes)

G¥S 15A" (Total zrea BO07,000 aczes)

= 1947 Wildfire 279,400
] 15E3 Hildfire 400
c 1368 Wildfire BE,800
D 1870 Wildfire 2,100
E 1974 Wildfire 4,000
F 1875 Mach. czushing 1,100
= 1376 Mech. crushing . 1,300
E 1278 Mech. eruvshing £,300

;3 1584 Crushing” & prescr.
burning 1,200

J i986 Crushing” & prescr.
burning 700

® 1587 Crushing® & prescr.
burning 1,700
1881 Wildfire 700

GMS 15B* (Total area 401,000 aczes)
L 1547 wWildfire 30,600
M 128 Meck. crushing 3,700
N 15685 Wildfire 1,200
o 19658 Wildfire 2,000
= 139789 Wildfire 100
Q 1581 Wildfire 300
E 1388 Firewood harvest &

prescrs. burming 700
s 18851 wildfire 7.200

* Inmcludes all lands, on and off refuge, in the respective GMSs, above tidal
£lats and below timberline, 25 depicted on USGS 1:63,360 series

topographie maps.
®* crushing done by Alaska Department of Fish and Game after 1583.

against large destructive wildfires. As these bums manwrs, however, the orgzmic accumulation will
increase the fire potential, until the fuel load is again reduced by catastrophic wildfire. The 1947 bum
is presently at the stage where its fuel complex will sustain a prescribed fire, but wildfire control is not
yet 2 problem except under the most extreme conditions of drought and high winds. The next few
years will provide an opportunity for using prescribed fire to interrupt the fuel continuity of the
maruring 1947 bum and adjacent mature fuel complexes to ensure that wildfires continue to be
manacesable on the north=m Kenai Lowlands.

Lands Available for Manipulation
The KNWR Comprehensive Conservation Plan established five management categories on the KNWR:

Intensive, Moderate, Traditional, Minimal, and Wildemess. This document specifies
that intentional habitat manipulation is allowable on thoss lands designated as Intensive, Moderate, and



Traditional, except for prescribed buming “for the protection of life or property or significant resource
valuss™ within Wildemess or Minimal management categonies. The Fish and Wildlife Service Manual
(621 FW 3.2A) stares that prescribed fire may be used in wilderness areas and proposed wildemess
areas in accordance with the following guidelines:

"When consistent with refuge objectives and contingent upon the existence

of a current, approved fire management plan for the wilderness area,

prescribed buming is permitted. Buming may even be desirable within

wilderness, especially when fire is 2 natural force that has historically

affected the area or when fire is necessary 10 resiore, maintain, protect, or

preserve wilderness r=sources and values of the area, or when controlled

burning can reduce fire hazards to the refuge or wilderness. Using

mechanically-created firebreaks and motorized equipment for prescribed

bumning is generally not permitted in a wilderness area. However, firebreaks

may be constructed contiguous to the wilderness area."(6 RM 8.8D)
While there seems to be some discretionary latitude for intentional buming in designated Wildemness
on the KNWR, this is clearly a maner requiring public review of specific proposals. This plan keeps
open the option of prescribed burning in Wildemness and Minimal management categories, however,
habitar manipulation in those areas is not 2 priority and will not be addressed in the following analysis.

Of the other three land management categories, "Intensive” is reserved mainly for road comidors,
research and recreational facilities, and commercial operations such as oil and gas fields. While this
category may contribute a few peripheral acres for habitat manipulation, it will not be considered in
the following analysis. Of the two remaining land management categories, prescribed bumning and
mechanical technigues may be used in "Moderate™ areas, while in areas classified as "Tradirional”,
only prescribed fire may be used. The distriburion of these two land management categories on the
ENWR i1s illustrated in Figure 5.

Lands identified in the Comprehensive Conservation Plan as 22(g) that have cither been since
conveyed 1o Native corporations or are of undetermined long-term status have been excluded from
considerztion in this Pian. In order to be consistent with other aspects of moose management, portions
of the KNWR within each GMS 15A, GMS 15B, and GMS 15C will be considered individually.

To determine acreages of land potentially productive as moose habitat that were available in the
Traditional and Moderate management categories, vegetation type maps were overlaid with land
management category boundaries. For each vegetation fype polygon, acreages were calculated,
totalled, and tabulated. The types were then lumped into "potentially productive™ and "unproductive”
moose habitat categories. The “unproductive™ category includes water bodies and muskeg, while
"potentizily productive” lands includs all upland caregornies, which consist mamly of forest types.

Table 2 lists the "potentially productive,” "unproductive,” and total acreage for cach land management
category in each GMS. The significance of these figures can be illustrated by considering stand
rotation (average time between repeat disturbance treatments). It was assumed that manipulation of
100 percent of the potentially productive land is impractical due to various environmental (natural fuel
breaks, fie] continuity, etc.), logistic, and safety factors. For analysis, 70
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percent manipulation is used. Table 3 presents the total productive acreage for each GMS with
average per vear treatments for 25-year, 50-year, and 75-vear rotations. An important consideration is
that the two assumptions, 70 percent manipulation of productive habitats and 50-year rotation

period, are best guesses. Some prescribed burns will go beyond 70 percent and others will be less.
Finding an average figure for future analysis will require examination of many prescribed bumms. The
50-vear rotation is also subject to change. Some areas may be repeated in a shorter time while others
mag' require many more years before enough fuels accumulate to support follow-up treatments. The
Service will need to evaluate treated areas within 25 to 60 vears postbumn to determine fuel
accumulation and continuity for rebuming.

Table 2. PFotential productive and non-productive acres (thousands) im
Moderate and Traditional management categories., Kenai Natiomal
Wildlife Refuge., 1556.

Management :
__Category Productive ___ Non-produyctive Totals
GMS 15A

Moderate 101.3 29.4 1306.7

Traditional §31.9 15.4 25.3

Total 185.2 £4.9 230.1
GMS 15B

Moderzte 19.6 4.0 23.8

Traditiomal 50.31 ii.0 61.1

Total 69.7 15.0 2.7
GMS 15C

Traditicmal 11.3 1.3 12.8

These rotation periods may be put into perspective by noting that nearly 50 years may be regquired to
accumulate enough fuels for a satisfactory prescribed bum on the Kenai Lowlands. Ninety 1o 100
vears may be required for paper birch and aspen to reach harvestable size for timber or firewood. For
white spruce, a rotation period of 120 years (Five Year Schedule of Timber Sales for the Kenai-
Kodiak Area, July 1994) is adequate for puipwood and 180 years may yield quality sawlogs
(unpublished Timber Management Plan, KNWR files).

Table 3. Potential productive acres (thousands) to be manipulated to achieve
an average stand rotaticn of 25, 50, and 75 years, based on an
average of 70 per cent usability of potential productive land, FKenai
National Wildlife Refuge, 1996,

70 per cant

Game Mgmt. productive 25 year 50 year 75 year
Dnit area rotation rotation rotation
15A 129.6 5.9 2.6 1.7
158 4B.8 2.0 1.0 0.7
isc 7.9 0.3 0.1 -1
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With the 70 percent assumption, GMS 15A has adequate lands in appropriate land management
categories to indefinitely sustain an annual treatment of 2,600 acres at the rotation period of 50 years
and only 1,700 acres per year at a 75-year rotation period. Equivalent estimates available for
manipulation in GMS 15B are 1,000 acres per year for a 50-year rotation period, and 700 acres per
year for a 75-year period. These annual treatments are the maximum manipulation level of seral
habitat per year under the management guidelines established by the Comprehensive Conservation
Plan, and the 70 per cent productive assumption.

Productive vears for manipulated habitat is dependent on type of habitat manipulated and the deasity
of moose it supports. If densities are low, manipulated areas may not be productive past 15-20 years
because browse species will grow out of reach. However, nutritive value of browse, especially birch,
that is kept within reach by higher densities of mooss may decrease as a result of high utilization rates
by moose. The true "productive life” of manipulated habitats at varying rates of utilization by moose
is unknown.

Evaluation of the altematives for habita: management on the KNWR must include assessing such
qualitative factors as accessibility of moose to the consumptive and nonconsumptive recreationist.
Moose concentrate in the 1969 bum or recently manipulated areas due to habitat quality and are
more visible there due to the abundant cover openings. Under the no action habitat manipulation
alternative, fewer moose will be more widely distributed and less visible as the forest matures.,

The increasing incidence of higchway accidents involving moose on the Kenai Peninsula is also
apparently 2 habiat-rejated phenomenon. Providine good quality winterine habitat ourside of
developed/residential areas on the Kenai Lowlands mav be the best means available to address the
moose roadkill problem.

Prioritizarion of Lands for Manipuiation

Several factors were considered when setting the priorities for treating KNWR lands. These include,
but are not limited to 1) location of potentially dangerous forest fuels; 2) changing fuel conditions in
project areas over time; 3) project cost estimates and availability of funds; 4) existing habitat mosaic,
wintering moose distribution, and hunting pressure distribution: and 5) potential conflicts with uses of
adjacent KNWR or private lands.

These and other factors will be reviewed annually by the KNWR, the ADF&G, and the Alaska
Division of Forestry to select specific lands for habitat manipulation. There also may be instances
where "minimum impact” treatments would be justified in "Minimal" and "Wildemess" management
categories in the interest of public safety or to prevent serious habitat degradation.

Five-year Habirar Manipulation Objectives for Preferred Alternative

Experience with prescribed buming and other habitat management techniques on the KNWR suggest
that it will be very difficult 10 meet acreage objectives every year, even if adequate funding is
available. Uncooperative weather, manpower shortages, bumning restrictions, and conflicts with
statewide or nationwide fire suppression activities have resulted in uncompleted prescribed bums in
three of the last seven years. A five-year acreage objective is therefore recommended, with large
a:{mal projects to compensate for years when weather or other factors prevent reaching an annual
QoDjecIve,
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Game Manacement Subunit 15A For the first thres to five vears of Plan implementation, 2 10,369-

acre area in the Mystery Cresk Road vicinity (Figurs 6) will b manipulated Approximately 40
percent of this arez should be left untreated as scanered islands for wildlife cover and seed source for
revegetation (Oldemeyer and Regelin  1982). It may be possible 10 accomplish this with as few as
two favorable vears out of the five.

The Mystery Creek Road area is recommended for the first three to five years of habitat manipulation

for the following reasons:
1) Work in the Mystery Creek Road ar=a would in effect add to the 3,600 acres recenriv
manipulated immediately south in the Skilak Loop vicinity and to the 4,500 acres crushed in that
area from 1976 1o 1978 (Figure 4), creating 2 manipulated habitat totalling over 18,000 acres in
that portion of the 1947 burn. Manipulzation of large acreages 15 preferable because moose are
amracted to aress with abundant forage and can easily damage regrowth vegetation on smaller
areas by overbrowsing. Recommended minimum project sizes range from 4942 acres (Oidemever
and Regelin 1984) to 23,000 acres (Pesk =r al. 1976).

2) The project would result in a fuel break berween extensive spruce beetle-killed white spruce
stands in the Mystery Hills and the Sterling community.

3) Assuming the use of prescribed fire as the primary management tool, this area is remots
enough from Peninsula communities to provide 2 good margin of safery during these eariv vears
of technique development, and smoke management concerns should be less than in most other
possible locations.

Game Manasement Subupit 15B For GMS 15B, the Service proposes an initial average annual
objective of 200 acres, totalling 1,000 zcres for the first five vears. This objective may be increased
to 300-200 acres per vear during the next five-year period as proficiency with prescribed buming
technigues is gained. The treatment arcas for the first five vears will be selected from the area
presented in Figure 7. This area currently contains approximately 300 acres of slash residue from
public firewood harvest which should be treated to reduce fire hazard and contains other wooded
acreage to be evaluated for treatment. Annual acreages 10 be manipulated in GMS 5B will
necessarily be much smaller than those m GMS 15A due to the necessity of minimizing smoke
impacts to the nearbv communities of Soldotnz, Kenai and Kasilof.

Game Manasement Subupit 15C No habitat work is planned for GMS 15C at this time due to the
remoteness and small size of the single block of manipulable land (Figure 35).

Other Needs for Evaluation and Planring

Habir=t mapping The KNWR currently has imber rype maps developed during the late 19505 and
the late 1970s which are incomplete, inaccurate, and incompatible with our current information needs.
In order to accurately model the effects of habitat manipulation on moose and other wildlife
populzations on the KNWR, a Geographic Information System database is needed and should inciude
the following layers of information: 1) sxisung veget=tion communities; 2) soil types; 3)
physiography (siope, aspect, elevation); 4) climate; 5) wetlands; 6) cultiral features (roads,
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Proposed habitat treatment areas for the five-year period from 1996 through 2001, Funny
River Road vicinity, Kenai Nanonal Wildlife Refuge.
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powerlines, pipelines, improvements); 7) smoke-sensitive features; and 8) snow depths. The re 1ge
has PC ARC (version 3.4D Plus) for its GIS system. Base maps are currently available. A vegetati
map has been identified as a high priority at the refuge’s Biological Review in 1993.

Vegetauion monitoring  Ewvaluation of the overall effectiveness of the habitat management program
and refinement of techniques will require establishment of permanent plots in all prescription areas.
Dhom stations and standard techniques (Daubenmire 1959) will be used to sample vegetation before

er treatment. Data will also be collected on the parameters of the treatment itself for correlation

and a
with J*'“s*‘ messured results,

Moose browse utilizarion measurement There is not 2 consensus among wildlife biologists on optimal
or range-damaging threshold levels of utilization of the different browse species on the Kenai
Peninsula. Past studies have indicated, however, that preferred browse species such as willow can be
reduced or removed from stands by browsing (Oldemeyer er al. 1977, Cldemeyer 1981). Standard
moose browse utilization survey technigues will be used on a representative sample from each
complex of habitat management units 1o monitor browsing intensity and any related vegetational
changes.

Evaluation and Selection of Habitar Management Technigues

Habitat management techniques available to convert mamure or advanced seral forest stands into early
seral stands inciude clearcur logging, mechanical disturbance such as slashing, chaining, or crushing,
and prescribed buming. Managed wildfire is not considersd an option due to its unpredicability,
inherent danger, and the current U.S. Department of Interior prohibition of its use to achieve land
management objectives (U.S. Deparmment of Interior Departmental Manual 910 DM 1). Over the past
335 years, sach of these methods except the latter has been tried on the KNWR, and each has mer with
2 high degres of success in terms of producing winter forage for moose (Oldemeyer and Regelin
1984). The advantages and drawbacks of each of these technologies are briefly described below.

Timber harvest The benefits to moose populations of the creation of forest openings through logging
are well established (Peterson 1953, Peek er al. 1976, Telfer 1972). The potential of logging to
produce *'ne desired large acreages of seral habitar and fuel reduction on the KNWR, however, is
limited by 1) the dy'mmit: nature and small scale of the local forest products industy; 2) the scarciny
and poor quality of commercial timber stands on the KNWR; 3) the difficulty of access to these
stands; and 4) the long rotation period required for commercial timber production (resulting in
intervals of low browse production from 65 to 155 years between repeat treatments). Consequently,
less than 100 total acres of clearcuts have been completed to dare, and this Plan does not consider
logging as a viable habitat management tool at this time. Problems are created by roads into
previously unroaded areas. However, the potential of timber harvest in specific forest stands will b
evaluated on a case by case basis as mdmdl.a. project areas for Plan implementation are :d-nunﬂd

A program of public firewood and houselog harvest has resulted in 366 acres treated in the Funny
River Road vicinity (GMS 15B) over a period of 11 years and 167 acres treated along Finger Lakes
oilfleld access road (GMS 15A) over 7 years. Borth areas have yielded stands of blue joint grass
which have limited the productivity of these sites for moose browse. Mevertheless, firewood cutting,
in combination with periodic slash-disposal burning, will continue to be used until there is 2 shortage
of easily-accessed marure stands of trees desired by woodcutters.
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QOther mechanical manipulation Various devices have been pulled, pushed, dragged, and rolled over
the ground in older seral stands, in order to 1) reduce competing spruce trees; 2) stimulate basal and
root sprouting of hardwood browse vegetation: and 3) to scarify the ground allowing for hardwood
seedling establishment (Oldemeyer and Regelin 1984). Such methods have been successful in
enhancing browse production here as elsewhers. Benefits include the shortest potential rotation time
of any method, non-reliance on timber markets or vagaries of the weather, and non-sensitivity to
concerns of the public (such as smoke or escaped fire). Drawbacks of this method are 1) the high cost
at $30-590+ per acre (ADF&G, Soldotna, AK, pers. comm.); 2) non-applicability in older stands with
trees over 8-10 inches diameter at breast height; 3) a residual siash layer that adds to the organic forest
floor to further retard nutrient cycling and insuiate the ground, inhibiting plant growth; 4) 2 residue of
viable seeds and seedlings of spruce which hastens the resstablishment of a competing spruce stand
thereby shortening the productive life of the project: and 5) limitation to those areas accessible to the
heavy equipment, supplies, and maintenance necessary for project support. Mechanical manipularion
over frozen ground does not expose mineral soil which is needed for seedling establishment.

Prescribed fire Although prescribed buming has been practiced in other parts of the country,
intentional stand-replacing burns in uncut northern forests are rare, with corresponding technology in
its infancy. Most of the prescribed bums conducted on the KNWR to date have been treatments of
slash residues from mechanical forest treatments, with lesser amounts of coincidental buming of
standing timber within and adjacent to these project areas. Results of these burns have been
encouraging from the standpoints of safety, operational efficiency, and habitat effects.

Advantages of prescribed buming over other dismrbance techniques include 1) rapid and extensive
consumption of organic materials resulting in mmproved seed germination and plant growth due 1o
mineral soil exposure, accelerated nutrient cycling, and enhanced soil warming; 2) large areas may be
manipulated in a shor time; 3) remote areas may be manipulated without the necessity of roads and
heavy equipment; 4) costs are generally much lower than mechanical methods (costs of previous
KNWR projects have ranged from $6-325 per acre, not including regular salaries of Service
employees); and 5) results more closely resemble a natural event, from an aesthetic point of view.

Disadvantages to this technique include 1) seasonal windows of prescribed burning opportunity in this
cool, damp part of Alaska are few and brief, and they generally overlap with the peak of the fire
season, making prescribed burn scheduling a challenge; 2) the potential for escape of a prescribed bum
into forest stands bevond the project area perimeter; 3) smoke may occasionally interfere with air
commerce, highway traffic, public health, and/or outdoor recreational pursuits; and 4) fires of the size
required to meet objectives are very visible and elicit negative reactions in many people.

Prescribed burning is a technical, complex, and highly regulated activity requiring specialized
personnel with extensive training and experience requirements. Successful implementation of a
prescribed burning program on the KNWR will therefore reguire maintaining a cadre of qualified
personnel within the Service in Alaska and/or on the KN'WR staff. Relying on help from cooperating
agencies who do have fire suppression resources is likely to impede future bumning plans. The former
has not yet occurred because the Service does not have primary fire suppression responsibility on
Service lands in Alaska. Other agencies understandably and necessarily put prescribed buming at a
lower priority relative to their suppression responsibilities.

Despite these difficulties, the Service recognizss prescribed buming as the best available techniges to
meet vegelalion management objectives on the KNWR, to be complemented whers appropriate by
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other techniques. Experience with prescribed burning on the KNWR has indicated that the following
needs must be addressed before stared objectives in this Plan can be achieved:

Interagencv Cooperation
1. At the present time, the Service is dependent on other fire suppression agencies for some
operational and many contingency resources to implement prescribed burn plans. More support is
nesded at upper administrative levels of all involved agencies, as well as a consensus among
agencies on how to prioritize this function relative to the other obligations. The groundwork for
this cooperation has been laid by the development of a multi-agency Prescribed Fire and Fire
Effects Working Team by the National Wildfire Coordinating Group at both the national and

recional levels

Funding Needs
2. The Service’s budget process must provide reliable longterm prescribed bum project funding,
which recognizes that Plan implementation will not be possible during some years due to
unfavorable environmental conditions existing throughout the short fire season. Some funds shouid
be dedicated to 1261 activity (refuge) in addition to 9120 (fire) funding because a primary
purpose of this Plan is habitat manipulation for wildlife.

KIWNWR Staffing Needs

3. The KNWE should minimize its dependence on local suppression organizations by hiring
people with fire qualifications and experience for seasonal biclogical technician and ranger
positions whenever possible and by continuing 1o provide training opportunities for permanent
employees. The KNWR filled three permanent positions in 1993, Fire Management Officer
(FMO), habitat biologist, and ecologist. KNWR staff with primary responsibility for
implementing the habitat management program currently consist of the FMO and one seasonal
(May 1-September 1) GS-6 biological technician who is paid with emergency fire presuppression
funds. The FMO, in addition to directing implementation of this Plan, has standard duties in
support of the Service’s fire management program at the local, regional, and national level.
Implementarion of this Plan will require, at 2 minimum, a 6 person bumn crew. These positions
will include two GS-6 and four GS-5. These additional positions need approval and funding.

Traiping N
4. Given the few opportunities for Service employees in Alaska to participate in prescribed
burning activities, the Service must capitalize on training and experience opportunities related to
prescribed fire available in other regions. Some other regions have long and active burning
seasons that do not overlap with the buming season in Alaska. This offers opportunities for
inter-regional cooperation to the benefit of the Service and all participants. Without such
mobility, some Service personnel in Alaska may never become qualified to fill key roles on
prescribed buming teams. A significant portion of the regional fire training budget must be
allocated for inter-regional projects to provide oppormmities for Service personnel in Alaska to be
signed off for the various task, skill, and knowledge elements required for prescribed fire
positions, as outlined in the "Prescribed Fire Training and Qualifications Guide for Curriculum
Development,” prepared in 1989 by members of the National Wildfire Coordinating Group and
adopted for use by the Service and other member agencies.

Public Information and Educatio
5. Public suppor for prescribed burning on the KNWR is crucial if the program is to survive any
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escapement or smoke management problem. The Service will provide ample opportunity for
public comment during the review process for this Plan. In addition to this initial public input
process, Service news releases will brief the public on upcoming burns during the current season.
and periodic stories will describe the progress and effects of the program. Coverage of prescribed
burning activities on the KNWR must be extended to reach Anchorage-area residents since even a
burn that is implemented perfectly will be visible in Anchorage. Continuing public educarion,
utilizing programs in schools and universities and presentations in public forums, is also essential
to successful Plan implementation. The Service’s recently developed Fire Curriculum provides an
excellent tool for public education.

Escapemen: and Smoke Management

The Service recognizes the potential for fire escapement beyond prescribed bum project boundaries
and for smoke negatively impacting air quality in Kenai Peninsula communities and Anchorage as the
main drawbacks of using prescribed buming as the primary habitat management tool on the KNWER.
Wildfires resulting from escaped prescribed fires could threaten lives, cause damage to and loss of
private property, and may have undesirable effects on bicdiversity on the refuge and public use of
refuge resources. Smoke associated with prescribed buming is of particular concern because of the
relatively high level of inhalable and respirable particulates produced and the associated potential
negarive impacts to public health. Smoke can also interfere with air commerce and highway raffic.

The Service will minimize the potential for fire escapement by emphasizing prevention. Approved
Prescnibed Bumn Plans (which provide a detailed description of fire prescription parameters under
which ignition can oceur), a holding plan, and 2 contingency plan listing all available contingency
resources are required for all projects. Each project will be closely coordinated with the Alaska
Division of Forestry, the agency with fire suppression responsibilities on the Kenai Peninsula.

The Service will minimize smoke-related problems associated with prescribed bumning activities by
complying with all State of Alaska Air Quality Regulations (18 AAC 50), Section III-H October 1983
Revision to the State Air Quality Plan, Alaska Department of Environmental Conservation (ADEC)
Open Bumning Policy and Guidelines, and all ADEC permiming procedures. Individual projects, by
virmue of the Prescribed Burn Plan, will address all specific requirements of 18 ACC 50 and ADEC
permit specifications. The Service intends to maintain air quality in smoke-sensitive areas during
prescribed buming activities above Federal and State of Alaska-mandated minimum standards. The
Service recognizes the need to acquire an Alaska Stamte 16.05.870 anadromous fish stream permit
before entering a designated anadromous fish stream with equipment in support of prescribed bums.

Past prescribed burning activities on the KNWR have been conducted successfully without escapement,
indicating this management tool can be used safely. In 1987, however, despite strict compliance with
ADEC’s Open Burning Permit stipulations, an unforseen atmospheric inversion resulted in smoke from
2 prescribed fire on the KNWR reaching Anchorage where it reduced air quality, and significantly
reduced visibility on the Sterling Highway between Cooper Landing and Sterling. Both fire
escapement and smoked-related problems are inherent risks which must be understood and accepted by
zll involved agencies and the general public, if prescribed burning is to be used on the KNWR.

The Service accepts the inherent immediate risks associated with the use of prescribed buming as a
habitat management and fuels reduction technique on the KNWR due to its longterm benefits to refuge
resources. In the absence of forest fuels management, 2 catastrophic wildfire on the Kenai Lowlands

25



is likely to reoccur sometime in the funwe. The deleterious effects 1o the general public and to refuge
resources of such a fire are potentially far greater than those that might occur in association with
prescribed burning, due to the extreme environmental conditions under which such a fire is likely to
occur (conditions which would preclude prescribed buming) and the difficulty and expense of
successfully suppressing such a fire.

Effects of Habitat Manipulation on Other Wildlife

The habitat use panterns of species other than moose on the KNWR also has to be recognized in each
habitat prescription in order to maintain and enhance biodiversity. Some of these known patierns
include:

1. Use of unbumed, mature stands, particularly white spruce-birch-aspen stands on nidges
within existing burns as:

Den sites (wolves, lynx, black bears)

Thermal cover (moose)

Feeding sites (black bear)

Nest sites (bald eagies, other raptors, large birds)

2. Habitat requirements of some neotropical migrant birds which are adapted to late
successional stage or climax forest communities are absent from early successional forests.

3. Use of mature stands for species such as red squirrels, spruce grouse, and porcupines
which are important alternative prey for lynx during lows in the snowshoe hare cycle.

Fire prescriptions will be designed to ensure that some mature stands will survive prescribed fires and
known den and nest sites will be avoided. It is also recognized that there may be other habitat values
associated with other wildlife species that may have to be addressed in future vegetation management

prescriptions.
Details of Five-year Work Plan

Five-vear work plan The tentative schedule for implementation and monitoring of habitat projects is
outlined in Table 4. Note that the first four lines refer to existing disturbances that will be monitored.
Mystery Creek and East Fork comprise the trearment arsa depicted in Figure 6, and Funny River II
through V are to be selected from the treatment area depicted in Figure 7.

Five-vear estimated budeet Table 5 presents an estimated budget for the first five vears of
implementation of the habitat management portion of this Plan. Regular salaries of permanent full
time staff included in present base funding are not included in this table.

Annual scheduje Table 6 lists a typical annual work schedule for implementing the Plan’s preferred
altemative. It does not include the recommendations presented in the Research section of the Plan.
These will be proposed at a later date, and may be addressed cooperatively with other agencies.
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Table 4. Schedvle for implementing prescribed burns and monitoring
revegetation of habitat disturbances, 1996 to 2001.
‘Min., £ of Ymars for gurvevs
Disturbanca Burn Perm.Plotg Veg. Survevs Flot Erowse
Hame Acres Yaar Daub. FMH Daub. FMH otos Survevs
Skilak Loop I 1200 1984 10 58,01 96,01 97,00
Lily Lake 700 1sBé 10 57 97 87,00
Skilak Loop IX 1700 1387 i0 96,01 96,01 26,55
Pothole Lake 7500 igs] kS ] 86,01 1] 26,01 &7.,00
Mystery Ck III,
Iv,V, and VI 3a7T71l 1586 B 24 56,01 95 89 98,59
East Fork & Myvstery
Ck I and II ESSE S7/98 2 i2 oS8 86=-58 & 96,95
Funny River II 600 18859 s 96 965 57,00
Funny River III 400 2000 5 96 Se 97,00
Funny River IV 400 2001 s 97 97 58,01
Funny River V 400 2001 5 97 87 98,01

* Davbermire Plots have a permanent starting point with 50 randomly located
sStops Lo sample vegetation. FME (Fire Monitoring Handbook) is a NMatiozoal Pazk
FME plots are permanent 20 meter x 50

Sarvice mathodology crsated inm 1552.
seter plots to sample vegetaticn and fuels.

Table 5. Budget (thousands of dollars) for implementation of preferred

alternative of habitat management portiocn of the Plan,

Permanent full time salaries are not included.

FY36 to FY98.

Funding Figepl Year

Ite=m Source 1996 1997 1998
Fersoonel:

Bio Tech GS& (2) 9110 1.0 FTE 1.0 FTE 1.0 FTE

Bio Tech G55 (4) 2110 2.0 FIE 2.0 FTE 2.0 FTE
New Eguipment:

Pickup Truck S1XX 11.0

Migc. Bguip. 8110 1.0 3.0 3.0
Frescr. Fire Monitoring 1261 30.5 i4.0 36.0
Habitat Mapping 12561 20.0 28.0 30.0
Special Studies 1261 60.0 63.0 65.0
Prescribed burn 8120 62.0 50.0 3o.o
Frescribed buzm 1281 0.0 10.0 30.0

TOTALS S1xX 65.0 €4.0 33.0

1261 110.5 132.0 i6l.0

Assessment of Moose Population Status

Monitoring Numerical Moose Population Trends

The following are recommendations for future aerial moose surveys on the KNWR. Moose density
and composition surveys on the KNWR in GMU 15 will be conducted cooperatively with ADFG and
will utilize GMS and refuge boundaries to define survey areas.

[E%]
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Densitv.Survevs  Aerial moose density surveys will continue to use techniques described by Gasaway
er al. (1986). Monitoring of moose populations on the KNWER will be most intensive in GMS [3A.
Density surveys will be conducted at 3-year intervals in this management unit. Consecutive-year

surveys coitld be conducted in the event of unusual occurrences (e g, an extremely severe winter)
which might result in immediate and major changss in total population. If deemed necessary,
consecutive-year surveys over an extended period will be conducted to comprehensively assess the
impacts of management activities (habitat enhancement, harvest strategies) on moose population
dynamics. Population estimates will also compliment research activities aimed at refining our
understanding of moose-habitat, moose-weather, and moose-predator interactions.

Table &. Annual work plan for typical vear of Plan implementation, Kenai

Hational Wildlife Refuge, 1996 to 1998.

Month

Activity

Oct.-Feb.
Nov.-Mar.
Feb . -Mar.
Jan.-Feb.

Fab.-Mar.
Feb.-Mar.

April
May-June
May-June
Hay
May-duly
May-Aug.

June-Aug.
June-July
July-Aug.
August

Aug.-Nov.

September

All vear

Order and receive new and replacement equipment and supplies

Develop burn plans for coming fire season

Fire training nominations sent to fire training organizations

Eat up or renew Cooperative Agreements with other agencies for
asgistance with burn plan implementation

Hire seazonal emplovees

Apply to AKX Dept. of Environmental Conservation for open burning
permits for prescribed burning

Seasonal employees come on duty

Conduct seasonal training of fire perscnnel

Maintain and test fire eguipment

Conduct browse utilization surveys

Conduct fire prescription bageline meonitoring field work

Monitor site characteristics in potential burn sites in Wildermess
and ¥inimal Management areas

Do pre-burn site preparation (hydroaxe work, perimeter burning,
drafting chance improvement, perimeter marking, fuel
measurements)

Conduct current year prescribed burns

Conduct post-burn revegetation plots

Conduct post-burn evaluation for current year burns according to
burn plans

Compile and analyze annual field data from prescription baseline
monitoring, revegetation plots, and browse surveys.

Seascnal employees off duty

Build GIS habitat map and complete necessary f£ield work for
ground truthing.

Density surveys in GMS 15B and GMS 15C will be conducted on a staggered basis every fifth year.
Scheduling of density surveys in these management subunits will be reassessed as necessary.

Composition Survevs Although of much value, the among-year comparability of moose composition
data on the KNWR has been compromised by several factors. Although unfavorable environmental
conditions such as lack of adequate snow cover have occasionally restricted survey activities,
non-systematic techniques and between-year inconsistencies in survey effort, timing, and areas
surveyed are most responsible. Furure moose composition surveys on the KNWR must be
standardized to maximize the value of the data collected. The sex and age structures of various
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KNWR moose populations will be determined by fall composition surveys and this information will
be used jointly by ADF&G and KNWR 10 assess and direct area-specific harvest managemesnt
strategies.

Recent modifications to composition survey techniques are currently in use in other areas in Alaska.
They provide statistically valid estimates of observable moose and of age and sex components of
moose populations (E. Becker, ADF&G, pers. comm.; M. McNay, ADF&G, pers. comm.) These
techniques will be evaluated and adopted if appropriate for the KNWR. Fall composition surveys will
be conducted annually on the KNWR in GMS’s 15A, 15B, and 15C.

Habitar Evaluarion

Moose winter browse availability and use will continue to be monitored with browse utilization
surveys. Research will be proposed to monitor revegetation patierns and assess habitat quality in
prescribed burn areas. Determination of browsing intensities compatible with maintaining high
quality habitat over the longest possible period of time will also be a primary objective of proposed
studies.

Direct Animal Assessments

The Service and ADF&G will need to develop a new cooperative agreement concerning the Kenai
Moose Research Cemer. The old agreement expired several years ago. Future cooperative projects
will best be addressed by a new agreement. Research 15 ongoing at the Moose Research Center 1o
assess the use of body composition and genetic variability as indices of the general health and vigor of
moose populations. The KNWR will assist ADF&G with systematic collection of necessary tissue
samples from harvested and road-killed moose necessary for these analyses.

Moose Population Composition Objectives/Regulation of Harvest

The established history and current levels of consumptive use of moose on the KNWR warrant careful
consideration of the needs of this user group. Harvest of moose on the KNWR will continue to
provide wildlife-related recreational oppormnity and a valuable food source for humans.

Concurrently, the impacts of various harvest strategies on moose population dynamics must be
carefully assessed. Finally, moose harvest management on the KNWR should be directed by the
degree of success attained with planned habitat management activities and the occurrence of unplanned
events such as wildfires and severe winters, both of which will have significant impacts on moose
population dynamics.

Moose Population Composition Objectives

Harvest regulations in accessible portions of the KNWR (GMS 15A and 15B-West) should optimize
recreational hunting opportunity while maintaining bull:cow ratios at objective levels and a balanced
male age structure. Harvest regulations on that portion of the KNWR within GMS 15B-East and
GMS 15C should maintain higher bull:cow ratios and greater percentages of prime-age buils than
those on the Kenai Lowlands to maintain established habitar use and movement patierns, especially as
related to breeding behavior during the fall rutting season. These objectives are also consistent with
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the overall Service objectives of maintaining namirally-regulated moose populations and wilderness
recreational opportunities in these portions of the KNWR.

Post-hunting season moose population composition objectives on KINWR-lands within GMS 154,
GMS 15B. and GMS 15C are presented below. The Service recognizes that administrative
boundaries are artificial when considering moose population bielogy, that composition of moose
populations in the areas defined by these boundaries in a given year can be influenced by a variety of
factors, and that obtaining statistically-valid estimates of the various age and sex components of
moose populations on an annual basis is difficult. These objectives are therefore presented as general
management guidelines. They are meant to help maintain biclogically-sound sex and age structures in
moose populations and to meet the Service's mandare of managing for namral diversity in wildlife
popularions and habirats, while allowing for varying levels and rypes of public use in different areas
on the ENWR.

Northern KNWER

GMS 15A 25-30 bulls: 100 cows

Skilak Loop SMA 40 bulls: 100 cows
Cenrral KNWER

GMS 15B-West 25-30 bulls: 100 cows

GMS 15B-East” 40-60 bulls: 100 cows

Southern KNWR
GMS 15C-21 (Caribou Hills) 40-60 bulls: 100 cows
GMS 15C (excluding Caribou Hills)  25-30 bulls: 100 cows

" These more natural moose populations in wilderness areas historically and presently
contain not only more bulls, but more older, trophy-class bulls.

Harvest Regulations

Careful assessment of longterm population trends and the factors influencing moose population
dynamics are prerequisite to recommendation of harvest strategies. The ADF&G has conducted a
comprehensive review of the impacts of the first five hunting seasons (1987-1991) under the spike-
fork/>30" or three brow tines selective harvest system on the Kenai Peninsula (Schwaniz et
al.,1992). The current regulation has been successful in helping to meet moose population
composition objectives on the KNWR. Bull:cow ratios are gradually increasing in GMS 15A and
GMS 15B-West, and the compeosition objectives outlined above are currently being met in the GMS
5B-East and GMS 15C portions of the KNWR. The Service therefore recommends continuation of
the curremt or similar selective harvest regulations.
Several optional selective harvest strategies for bull moose are presented below for consideration.
Final harvest regulation recommendations, including any recommendations for antlerless harvests, will
be developed cooperatively with the ADF&G upon completion of their aforementioned review of the
current regulations. Recommended harvest strategies will also consider all input received duning the
public review process for this Plan. Most optional strategies presented apply to GMS 15A where
moose population dara is most complete and analysis of the effects of past and current harvest regimes
is possible. Systematic assessments of moose population composition and trend are needed in the
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remainder of the KNWR in order to conduct similar analyses and recommend harvest strategies to
meet objectives on KNWR lands in GMS 15B-East and GMS 15C. The Service recommends that
current harvest strategies remain in effect in these pontions of the KNWR at until such datz is

available.

Harvest Stratecy 1 Maintain current selective harvest regulations for bull moose in GMS 15A, GMS
15B-West, GMS 15C, and Skilak Loop SMA through 1995. Harvest is restricted during the August
20 - September 20 general hunting season o bull moose having spike/fork antler configurations on at
least one side or 30"+ antler spread or three brow tines on at least one side. Alaska Board of Game
expanded the general hunt by adding 12 days to the beginning of the season in 1993.

Justification

1) Bull:cow ratios and the number of prime-aged bulls in the moose population have
gradually increased in GMS 15A.

2} Protection of yearling bulls with three-point or larger antler configurations may have
increased population guality by allowing more of these theoretically "superior” animals to
marure and breed.

3 The number of large-antlered bulls available for harvest and harvested in GMS 15A has
increased since 1987,

4) The number of teen and prime-aged bulls (medium- and large-antlered) available for
nonconsumptive uses has increased.

Harvest Strategy 2 Implement a general hunt for bull moose having a spike or forked antler
configuration on at least one side and a limited-entry (drawing permit) hunt for any bull in GMS 15A.
This strategy withdraws 50"+ or three brow tine bull moose from the legal bull category during the
general moose hunting season in GMS 15A. The number of "any bull" permits allocated annually
will be directed at maintaining a 25-30 bulls:100 cows sex ratio and a balance aged strucure which
includes a minimum number of prime-aged bulls in GMS 15A.

Justification

1) A limited-entry permit hunt for any bull provides management agencies with a direct
approach for maintaining the 25-30 bulls; 100 cows sex ratio and a balanced male age
structure which includes a minimum mumber of prime-aged bulls in GMS 15A.
Theoretically more vigorous vearling bulls and teen bulls are still protected.

2) Numbers of moose harvested in GMS 15A will not decline under this regulation.
Spike/fork bulls comprised 70.8% of all bull moose harvested in GMS 15A from
1987-92. Habitat management activities aimed ar improving reproductive performance
and calf survival will be most intensive in GMS 15A, resulting in consistent availability of
vearling spike/fork bulls for harvest (exceptions would occur in hunting seasons following
severe winters).
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The increased number of teen and prime-aged bulls will benefit nonconsumptive users.

Lad
e

4) Dropping the 50 inchfthree brow tine reguirement in the general hunt will substannally
simplify the selective harvest regulation and consequently improve compliance.

5) The "any bull" limited-entry hunt will provide qualiry hunting oppormunities and allow
selection by permitted hunters for bulls of any age or bearing any antler configuration.

Harvest Strategy 3 Implement a general hunt for bull moose having a spike or forked antler
configuration on at least one side and a post-rut hunting season for 50"+ or three brow tine bulls in
GMS 15A. This strategy withdraws 50"+ or three brow tine bull moose from the legal bull category
during the general moose hunting season in GMS 15A. The post-rut hunting season would imvolve
either a registration hunt or a limited-entry permit hunt. Length of the post-rut hunting season or the
number of permits allocated would be directed towards maintaining a 25-30 bulls: 100 cows sex ratio
and an adeguate number of prime-aged bulls in GMS 15A.

Justification

1) Restricting harvest of large-antlered bulls prior to the rut in combination with protection
of teen bulls will ensure a balanced male age structure which includes a mimimum number
of prime-aged bulls present during the breeding season. Theoretically more vigorous
vearling bulls are protected.

2) Registration or limited-entry permit post-rut hunes for large-antlered bulls provides
management agencies with a direct approach for maintaining the 25-30 bulls: 100 cows sex
ratio and a balanced age structure in GMS 15A.

3) Numbers of moose harvested will not decline under this regulation. Spike/fork bulls
comprised 70.8% of all bull moose harvested in GMS 15A from 1987-92. Habitat
management activities aimed atr improving reproductive performance and calf survival will
be most intensive in GMS 15A, resulting in consistent availability of yearling spike/fork
bulls for harvest.

4) Dropping the 30 inch/three brow tine requirement in the general hunt will substanrially
simplify the selective harvest regulation and consequently improve compliance.

Human-caused mortality, including harvest, 1s most likely to be compensatory to natural mortality
when moose populations are at or exceed the nutrient-climate ceiling (Theberge 1990). Conversely,
harvest mortality is more likely to be additive to namiral morrality and contribute to limiting moose
population growth when moose populations are well below nutrient-climate ceilings.

Harvest of antlerless moose (cows and calves) may be necessitated on those portions of the KNWER in
GMS 15A and GMS 15B-West to maintain habitat guality and diversity in newly-created early seral
habitats. Antleriess harvests would be least appropriate before and during peak-forage production in
newly-created early seral habitats, when moose populations are likely to be below the nutrient-climate
ceiling and reproductive success and the population’s rate of increase are potentially highest. Because
forage production in burned areas generally peaks 8-15 years following fire on the Kenai Peninsula,
antleriess harvests more likely would be appropriate during the larter part and after this period.
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Systemaric evaluation of browsing intensity in newly-created early seral habitats in combination with
monitoring moose population status will be required to determine the need for future antlerless moose
harvests. The occurrence of high road-kilied mortality and the existence of a multiple predator-moose
svstem on the KNWE warrant careful assessment of antlerless harvests. Amnrtlerless moose harvesis
should occur only when the following conditions are met: 1) moose populations are believed at or
above nutrient/climate ceiling and harvest is needed to prevent overutilization of food supplies; 2)
predator and scavenger species dependent on moose are not food-stressed as determined by
monitoring their population status, annual reproductive success and other parameters; and 3)
pradictive modeling of moose population dynamics Indicares a harvestable surplus of antleriess moose

exisis.

Restrictions limiting antlerless harvests to specific areas, i.e., a zonal management strategy, may be
appropriate in areas where planned habitat management is occurring to prevent overutilization by
moose of winter browse in these small areas.

The only antlerless harvest currently occurring on the KNWR is the limited-entry (30 permits by
drawing) in the Skilak Lake Wildlife Recreation Area. The Service recommends cooperative review
with the ADF&G of this hunt and the parameters which set it in place. In 1995, an additional 20
transferrable permits for antlerless moose were issued. Habitat in areas managed using tree crushing
and prescribed burning in the mid-1980s will soon enter the period of prime forage production and
nutritional quality. Potential benefits to moose and increases in calf production and survival will be
greatest during this period.

Other Mortality Sources - Predation and Highway Accidents

Predation

As the principal ungulate species on the KNWR, moose are the primary food source for wolves and
are an important prey item for black and brown bears and may provide an important seasonal food
source for bald eagles and other avian scavengers, lynx, coyotes, and wolverine. Maintaining moose
populations at densities capable of sustaining viable and healthy mammalian and avian predator and
scavenger populations is therefore a major objective of moose management on the KNWR. The
Service will continue, and expand as necessary, scientific study and monitoring of predator and
scavenger species populations on the KNWR which depend on moose as a major food source.

Recent moose population dynamics in GMS 15A have shown that a moderate density (1-3 moose/km?)
moose popularion can increase in a multiple predator-moose system when habitat conditions become
favorable in early seral forests created by large-scale disturbances. The highest post-1969 wildfire
populaton estimate for GMS15A was 4,352 in 1982. Winter moose densities in the 1969 burn
remained high (3.5-4.4 moose/kmn®) 13-21 years post-fire (Loranger, er al. 1991). The potential for
significant declines in moose densities as forest succession proceeds in the 1969 burn and the
concurrent impacts on predator populations, especially wolves, of such declines underscores the
importance of maintaining early seral forests in GMS 15A. Low density moose populations, which
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have a greater potential of being controlled by predation, mayv not respond to the creation of favorable
hzhitar. The ability of the KNWR habitar management program tw provide for sustained numbers of
moose may therefore depend on the timing of its implementarion. Potential for amaining this goal is
greater while moose densities in GMS 15A remain relatively high due to the still-favorable habitat
conditions in the 1969 bum.

The moose population increase which occurred following the 1969 wildfire also coincided with
relatively high annual harvest rates of wolves (Schwarnz and Franzmann 1989). Concern for high
annual harvest rates of wolves during this period led to the development of a cooperative Service-
ADF&G Wolf Operational Management Plan for GMS 15A. This operational plan, among other
population parameters, set a post-trapping season wolf population objective. Annual harvest rates of
wolves from 1988-1992 declined significantly, and the GMS 15A wolf population has stabilized above
the objective. Wolf populations in GMS 15A currently could support higher annual harvests based on
the assumptions of the operational plan, and may be desirable in light of declining habitat quality for
moose. It is imperative that accurate wolf population estimates continue to be obtained in GMS 15A.
The upcoming development of a statewide Strategic Wolf Management Plan by the ADF&G, which
will include extensive imteragency and public mvolvement, will provide an appropriate forum for
addressing moose-predator interactions, wolf population objectives, and management options on the
KNWR.

Highway Accidents

The number of moose killed annually on Kenai Peninsula roads has increased dramatically in recent
years (Del Frate and Spraker, 1991). During the winter of 1994-95, a record-high 335 moose were
killed on Peninsula roadways. Three ongoing processes potentially will increase roadkills in the near
future. Loss of wintering habitat as the 1969 burn marures in GMS 15A may concentrate more
moose in the Kenai-Soldotna-Sterling area.  The realignment and widening of the Sterling Highway
through this moose wintering area will most likely result in increased vehicle speeds, a prime factor
affecting the incidence of roadkills. The increased development and land clearing along the road
corridor will draw more wintering moose info developed areas.

Hishway accidents involving moose constimied 2 major mornality factor for reproductive-ags female
moose in two areas on the Kenai Peninsula according to a study by Bangs er al.(1989). It is most
likely an additive form of mortality since rhis sex and age group is believed the least susceptible o
namral mortality sources such as predation, severe winters, and disease, and only very limited harvest
of cows occurs on the Kenai Peninsula. Cow and calf moose that winter in off-KNWR developed
areas are probably less susceptible to predation (low wolf densities) and winter stress (plowed
roadways decrease the energetic costs of mobility and development has created favorable habitat
conditions), further increasing the likelihood that roadkills constimte an additive form of moraliry.

Given the increasing public safety hazard from moose-vehicle collisions and the potential negative
impacts of vehicle-caused mortality on KNWR moose populations, the Service recommends
conninuation and expansion of the "Give Moose a Brake™ public awareness campaign currently being
cosponsored by the ADF&G and the Alaskz Department of Public Safety to reduce roadkills on the
Kenai Peninsula. To the extent possible, habitar management on the KNWR will arrempt to
concentrate wintering moose away from roadways and residential areas. The Service should support a
Joim: muitiagency-public approach to address the problem. Potential actions to reduce roadkills, such
as reducing legal vehicle speed limits during winter, may reguire legisiative action. The Service
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believes formarion of a steering commines to develop recommendations addressing current conditions
and guidelines for furure road construction and/or improvements is appropriate at this time.

Research/Management Information Needs

The following projects are identified as priormes for addressing current informarional needs related to
moose management on the KNWR.

Habitar Maonogement
Prescribed fire informartion needs

The technical problems faced by managers in attempting to produce desired vegetation changes
through prescribed fire can be divided into two broad categories: those relating to site selection (site
variables) and those relating to the way in which the selected site is treated (prescription variables).

Site variables Each of the following site characteristics has some effect on the guality of habitar to
be produced and/or the safery and cost-effectivensss with which the site may be treated:

- Topography (elevation, siope, and aspect)

- Site location and juxtapesition with other fuel types

- Vegetation characteristics (species composition, stand age, stem density, crown closure)
- Mineral soil type

- Organic layer (duff) depth

- Soil drainage (moisture regime)

- Fuel characteristics of vegetation complexes

Topography is similar enough from site to site on the Kenai Lowlands that specifically addressing it
as 2 selecrion factor is unnecessary. Site location and juxtaposition with other fuel types relate 10
safery and feasibility of a project. Consideration of this variable is largely 2 matter of experience. In
order 1o maximize efficiency, smdies are needed on the last five variables. Proposals should be
developed within the first two years of Plan implementation, so that resulting information will be
available 10 aid in selecting sites for the second 5-year implementation period.

Prescription variables Once 2 site is selected, a wide range of results may be obtained depending on
the prescription that is used in burning it. Prescription parameters may be divided into groups
according to the objectives to which they apply:

Safery (minimizing escape potential and danger 10 burn crew members):
- rate of spread
- fire intensity
- spofting potential

- season (nighttime humidity recovery)
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Minimizing smoke impacts:
- duration of residual burning (heavy fuel and duff moisture)
- wind direction
- ventilation factor (vs. size of bumn)

Achieving desired effects on vegeatation:
- seasonal date (plant phenology)
- fire severity (heavy fuesl & duff moismre, lighting technique, pre-burn fuel
[Tearment)

Minimizing cost per acre:
- size of burn units (sconomy of scale)
- ignition technigues
- season (late-season humidity recovery reduces containment and mop-up costs)
- pre-burn fuel and perimeter treatments

Some immediate information needs pertaining to burning prescriptions are 1) to obtain enough
information on local fuels to facilitate adjustment of standard fuel models to more accurately predict
fire behavior (rate of spread, fire intensity, spotting potential) for these fuels; and 2) to determine
the fire severity (the depth of burn or percentage of organic forest floor removed) required to achieve
revegetarion objectives, what duff moistures will produce the required severity, and how currently
available remote sensing techniques can be utilized to predict when the proper duff moisture levels are
reached.

Some of these complex needs are currently being addressed on a preliminary basis through a smudy
initiated by the KNWR in June, 1991, in cooperation with the U. S. Forest Service, Pacific
Nomhwest Research Station. Ten one-tenth-acre plots were established in a 1947 burn upland black
spruce regrowth stand and were sampled for soil and vegetation characteristics. They were then
monitored for various weather and fuel moisture parameters. Three of the plots were burned under
various conditions, with fire behavior and fuel consumption darta collected during and after each test
burn. This study should be expanded to include several different fuel complexes and continued over a
minimum 5-year period. The addition of new staff members in the fire program and a committment to
increase biological program funding will allow similar dara gathering to occur with all preseribed fires
on the refuge in the furure. Other fire prescription parameters will be studied as the nesd becomes
evident during Plan implementation.

Effects of browsing Both the quantity and nutritional quality of current anmual growth produced by
woody plants browsed by moose are influenced by the plants’ age and history of browsing by moose
and/or snowshoe hares. The production of secondary metabolites as a plant defense mechanism
against excessive herbivory also influences nurritional quality and palatability of forage. Research to
determine browsing intensity (as related to moose density) which results in maximizing nutritional
quality and current annual growth production of forage over the longest possible period of time is
needed.

The following topics are also recommended for future smdies. Some topies will be attempied in
cooperation with the U.S. Forest Service and possibly other federal and state agencies.

Fire frequency The frequency of wildfires, sither natural or man-caused, i unknown and of great
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imporance on the KNWE and Kenai Peninsula. Knowledge of vegetation dynamics and successional
patterns following fire and the long term frequency of fire will be needed to establish prescribed
burning rotation periods and the appropriate role of fire in wilderness areas on the refuge.

Blue joint erass Blue joint grass (Calamagrosiis canadensis) has long been recognized as 2
formidable competitor of tree seedlings in the forests of southcentral Alaska, and is considered by the
Forest Service and the Alaska Division of Forestry to be a limiting factor of primary concem in
reforestation work in that region (S. Borchers, U.S. Forest Service, Idaho, and W. Wahrenbrock,
Alaska Dept. of Natural Resources, Division of Forestry, pers. comum.). Question: What ar=s the
ecological relationships between fire and blue joint grass on the Kenal Lowlands, and how can the
detmimental effects of this plant on the establishment of desired browse plant seedlings be minimized?

Spruce bark beetle Recent epidemic infestations by the spruce bark beetle (Dendrocionus rufipennis)
have resulted in the death of nearly all mature white spruce in thousands of acres of pure and mixed
white spruce stands on the KNWR. This is 2 catastrophic stand-replacing event without the rapid
organic reduction and nutrient cycling characteristics of fire. Question: What are the relationships of
spruce beetle-caused forest changes to the composition of the residual vegetative community and its
animal inhabitants, and how should this event affect our vegetarion management strategy?

Devil’s club Devil's club (Echinopanax horridum) has been identified as an important food of black
bears on the Kenai Lowlands. Schwarnz and Franzmann (1991) noted that when this plant is removed
from lowland plant communities by fire, it may not return to the site for at least 40 years. Question:
What are the ecological relationships of Devil’s club to fire, and how should we manage Kenai
Lowland forests to maintain this flora component sufficiently to ensure continuation of its current
status in the diet of the black bear?

Moose Population Management Studies

Prioritv 1 Design and implement (cooperatively with ADF&G) a population identity study of moose
utilizing early seral habitats, including habitar management areas, road corridor, and residential areas
in GMS 15A.

Objectives

I} To determine the movement patterns of moose utilizing early seral habitats, including
“resident vs. migratory” status, seasonal parterns of use, and home range.

2) To determine age-specific survival and reproductive rates of moose utilizing early seral
habitats for input into computerized population simulation models.

3 To assess the relative importance of factors contributing to moose use of habitat
management, road corridor and residential areas.

4) To develop recommendations for reducing the number of moose-vehicle collisions.

Prioritvy 2 Develop cooperatively with ADF&G a predictive computerized population simulation
meodel for Kenai Peninsula moose popuplations.

Obiectives
1) To project moose population responses to management activities such as habitar
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manipularion and harvest regulations or to namral events such as wildfires or extreme
wearher conditions.
2) To evaluate management strategies in light of predicted responses of moose populations.

i

MOOSE MANAGEMENT ON THE KNWR - 1941 to PRESENT

Habitat Management

The l2st one hundred years on the Kenai Lowlands have been marked by dramatic changes in forest
habitat caused by large, mostly human-caused wildfires and posi-fire forest succession (Lutz 1960,
Spencer and Hakala 1964). These alterations have resulted in dramatic flucmations in populations of
mooss and other herbivores in response to changes in availability of winter forage (woody browse)
and have been responsible for some very expensive fire suppression efforts (Alaska Fire Service fire
reporis, 1969 and 1974).

Habirai managemen: on the KNWR has been aimed at creating and maintaining early seral habitats
similar to those created by fire and other perturbations. To date, a total of 16,400 acres (6,640 ha)
has been manipulated. Mechanical crushing and prescribed burning account for most of this total
(Table 7).. A detailed review of the history of habitat management on the KNWR is presented by
Oldemeyer and Regelin (1987). Earliest efforts to improve habitat began in 1956, From 1956 to
1968, a total of 6100 acres (2,468 ha) were managed using techniques that included plantings of

Takle 7. Higtory of habitat management on the Kanai National Wildlife Refuge,

1%56-present.

AZea
¥eaz (=) Location Mgthod {aczes)
1356-1568 Slikck Lake, Willow plantings, &100

Mystery Creek Rd. handpulling spruce,
bulldozing
1574-75 Willow Lake Mechanical erushing 1100
1975-76 Moose Res. Center Mechanical crushing 1300
1976-78 Mystery Creek Rd., Machanical crushing 4300
Watson Lake
1584, 1987 Skilak Loop Machanical crushing*
and prescribed burning 2250
1586 Lily Lake Mechaniczl crushing®
and prescribed burning 700
1988 Rive Pregcribed burnin 650

* done by the Alaska Department of Fish and Game
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willow, handpulling of spruce, and clearing with 2 bulldozer with various blade antachments (Kenai
National Moose Range Annual Narrative Reports, 1956-1968) (Table 7). Most management activities
took place in the Slikok Lake area, an important historical moose wintering area located in the westemn
portion of GMS 15B. The managed area was within the 4,000 acre (1,620 ha) Slikok Lake burmn,
which occurred in 1926. Smaller areas along Mystery Creek Road in GMS 15A were also managed

during this period.

In 1570, the KNWR purchased three 40-ton Letourneau timber crushers to rehabilitate portions of the
1969 bum. From 1974 to 1978, the crushers were used 10 manage a total of 7,000 acres (2,710 ha) in
four locations, all within the perimeter of the 1947 bum. In the Willow Lake area. 1,100 acres (445
ha) of mamre and regrowth stands were crushed in 1974 and 1975. A total of 1,300 acres (325 ha),
most of which was regrowth vegetation, was crushed adjacent to and south of the Moose Research
Center in 1975-76. During the winters 1976-77 and 1977-78, 4,300 acres (1,740 ha) were crushed
along the Mystery Creek Road and in an adjacent area east of Watson Lake. Most of this area
consisted of regrowth stands.

Due to 2 change in Regional Service policy regarding mechanical tree crushers, the crushers stood idle
until 1983, when two were transferred to and the third purchased by ADF&G. Over the next four
years, a total of 3,550 acres (1,437 ha) of 1947 bumn regrowth in three parcels were crushed by
ADF&G in the Skilak Loop and Lily Lake areas. All but 600 acres (243 ha) were subsequently
burned using prescribed fire. These fires, conducted by KNWR staff assisted by ADF&G, Alaska
Division of Forestry, U.S. Forest Service, U.S. Bureau of Land Management, and U.S. Bureau of
Indian Affairs personnel, served to reduce hazardous surface fuel loading as well as enhance habitar
for moose.

The Letourneau tree crushers were surplused in 1988 by ADF&G, marking the end of large-scale
mechanical manipulation using the crushers on the KNWR. Prescriptions were written for prescribed
burning of two areas within the 1947 bumn along the South Pipeline Road in GMS 15A, and for one
public firewood area with several years of slash accumulation in GMS 15B. A total of 650 acres (263
na) were burned in the firewood area in May 1988. The other two areas have not been burmed due 1o
unfavorable environmental conditions and staffing limitations during the summers of 1989-1994.

Assessment of Moose Population Status

Monitoring Moose Population Trends

Surveys to monitor moose populations on the Kenai are conducted by both ADF&G and KNWR.
Survey’s may or may not be conducted jointly, but survey results will be shared by the two.

Density Surveys

Aernial surveys to estimate numbers of moose on the KINWR were first conducted in 1949. From 1949
to 1964, this survey consisted of flying a series of north-south transects north of Tustumena Lake. In
1964, a survey utilizing stratified random sampling of 1 mi* sample units was instituted and allowed
the calculation of a population estimate with known confidence intervals. Survey technigues were
described in Evans er al. (1966). This estimate was generated for the area north of Tustumenz Lake
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and west of the Kenai Mountains (equivalent to GMS 15A and GMS 15B). Sample units were placed
into High, Medium, and Low moose density strata based on intuitive knowledge of moose dismibution
and overflights of the survey area. The quadrat sampling technique was utilized to estimate total
numbers of moose north of Tustumena Lake from 1964 to 1982, although surveys were not conducted
in all vears. In 1987, a modified density survey technique, which also used stratified random
sampling, integrated the variance associated with sightablity of moose into the population estimate, and
maximized efficiency (Gasaway er al. 1986) was adopted. Larger sample units of approximately
uniform size (10-15 mi®) are stratified according to observed moose densities during overflights of the
survey area immediately prior to the onset of the survey. Estimates were generated using this
modified technique for GMS 154 in 1987, 1990 and 1995, and for GMS 15B in 1990 and 1996.

Composition Surveys

Aerial moose composition surveys have been conducted on the KNWE. in most vears since 1950.

They are conducted as soon as snow conditions become favorable for visibility and before most bulls
shed their antlers, i.e., from mid-November to early December. Survey areas of varying sizes were
established by KNWE. staff during the 1930s and early 1960s and were changed to comespond o GMS
boundaries in the mid-1960s. Moose are classified into various sex and age categories and the
information is used to index the population’s sex composition (bull:cow ratio), reproductive success
{calf:cow ratios, twinning rates), and recruitment (yearling bull:adult cow ratios).

Calving Season Surveys

Aerial surveys of the Moose River Flats area, a major calving area in GMS 15A, were conducted by
FENWE. personnel each year from 1957 to 1971 to assess annual reproductive success. The area was
surveyed along a series of parallel transects. Five to 14 surveys were conducted annually berween late
May and mid-July to assess annual reproductive success using calficow ratios and twinning rates.
Spring calf surveys (late May-early June) were conducted by ADF&G personnel in the 1969 bumn in
GMS 15A in 1982, 1983, 1988, and 1989.

Woody Browse Evaluation

Two major efforts to monitor changes in hardwood species composition and stem density following
disturbance (wildfire or mechanical crushing) have been undertaken on the KNWR. Nine plots were
established within the 1947 burn along the Skilak Loop Road and menitored in 1950, 1955, 1961,
1965, and 1977. Vegetation in 294 stands in mature forest, regrowth forests following fire (6 age
classes of stands: 3, 8, 13, 30, 50, and 77 years), and regrowth forests following mechanical treamment
on the KNWR were studied from 1976 to 1981 (Oldemeyer and Regelin 1987).

Surveys to determine levels of utilization of important woody browse species by moose have been
conducted using a variety of techniques on the KN'WR since 1950. Most recently, standardized
browse utilization surveys developed by the ADF&G have been used to annually monitor forage plant
species composition and the percentages of the previous year’s current annual growth browsed by
moose along 100-plant transects in the 1969 bumn and recent habitat management areas.

Moose Condition Monitoring

The ADF&G has conducted several studies at the Kenai Moose Research Center to assess the use of
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physical status (weight, morphometric measurements, antler growth) and physiological indices as
indicators of the condition of moose popularions (Franzmann 1977). Among the physiclogical indices
smdied were blood parameters (packed cell volume, hemoglobin, calcium, phosphorous, and total
protein), levels of minerals in hair, and bone marrow far content. Ongoing investigations at the Moose
Research Center are evaluating body composition and genetic variability as indices of population
condition (C. Schwartz, pers. comm.)

Regulation of Harvest

Historical records indicate that regulation of the moose harvest on the Kenai Peninsula has shifted
from conservative to liberal and back again in response 10 increasing and decreasing moose
popuiations. The predominant management strategy to the present has been to direct harvest toward
the adult male segment of the population. Antleriess moose harvests have occurred, primarily during
the 1960s and early 1970s when moose populations on the Kenzi Peninsula were probably at their
hichest in the last 50 vears.

The earliest harvest records available for the Kenai Peninsula are from the 1948 hunting season.
Moose populations were believed low at the time due to deteriorating range conditions (Spencer and
Hakala 1964), and conservative harvest regulations were in place. One bull moose could be legally
harvested south of the Kenai River from 1-15 September and from 1-5 December in 1948. The
December late season was dropped in 1949, and from 1949-1955, one bull moose could be legally
harvested from 1-20 September. Moose hunting was not allowed north of the Kenai River until 1935.

More liberal harvest strategies in response 1o increasing moose populations were first implemented in
1936. Favorable habitat conditions created by the 1947 wildfire were believed responsible for this
population increase (Spencer and Chatelzin 1953, Spencer and Hakala 1964). These changes included
2 longer early hunting season (20 Augest 1o 30 September) and the reestablishment of lare season
hunts. The first antleriess season on the Kenai Peninsula occurred in 1960. One hundred and fifty
permits were issued for this hunt. Harvest of cow moose occurred in at least one of the GMUSs on the
Kenai Peninsula from 1960 to 1974.

Declining range conditions (Oldemever er al. 1977) and a series of severe winters (Bishop and Rausch
1974, Bailey 1978, Bangs and Bailey 1980) precipitated a decline in moose populations. Current
theory suggests that predation is most likely to control a prey population when the prey population is
well below the nutrient-climate ceiling. The data indicates that the moose population in GMS 15A in
the late 1960"s was probably at or above this ceiling. Predation may have accelerated the decline,
especially in its latter stages, but probably was not a causative factor. The decline prompted more
restrictive harvest regulations in the late 1960s and 1970s. Among changes were a shortened early
season and elimination of late season and antleriess hunts. Harvest of cows was not allowed anywhere
on the Kenai Peninsuia from 1975 to 1979. Harvest of bull moose under an "any bull” regime
remained in place throughout the Kenai Peninsula (except GMS 15B-East) through the 1986 season.

In 1975, GMS 15B was subdivided into GMS 15B-East, which encompasses the Tustumena
Benchlands in the upland eastern portion of this management unit. and GMS 15B-West. Hunting was
closed in GMS 15B-East in 1975 and 1976, and reopened in 1977 on a limited-entry basis. Forty
permits were issued for any bull moose in 1977 and 1978 and the season extended from September
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1-30. In 1979, a selective harvest strategy for trophy bull moose was instituted in GMS 15B-East
Harvest was restricted to bulls having 50-inch or greater antler spread or three brow tines on ar least
one side. The number of permits issued and season dates remained constant until 1982 when 100
permits were issued for each of two seasons. The early season hunt extended from September 1-20
and the late season from September 26 - October 15. The trophy bull moose hunt in GMS 15B-East

has been similarly regulated since that time.

Conservative limited-entry cow hunts were reinstiuted and occurred in 1983, 1984, and 1986, where
moose numbers increased due to favorable habitat conditions created by the 1969 wildfire, in 1989
through 1994 in the Skilak Wildlife Recreation Area, and from 1980 through 1994 in the Portage-area

in GMU 7.

Biological concerns for the potential impacts of low bull:cow ratios, potential loss of hunting
opportunity, and male age structures favoring younger bulls in GMS 15A; addressing the KNWR's
mandaie of managing for "natural diversity™; and a recognition of the aesthetic value of more bulls in
moose populations led to the development of a joint proposal by the Service and the ADF&G 1o the
Alaska Board of Game in 1986 to implement a selective harvest program for moose on the Kenai
Peninsula. The proposed regulation limited the harvest of bulls to those having spike or forked antler
configurations on at least one side or 50-inch or greater antier spread or three or more brow tines on at
least one side. The regulation was approved by the Board and was implemented during the 1987
hunting season in GMU 13 (except GMS 15B-East) and GMU 7. A special five-day archery-only
hunt {August 25 - 29) for bull moose under the above antler restriction regulation was also instituted
in 1987 in GMS 15A (except Skilak Wildlife Management Area) only. These regulations have
remained in effect from 1987-92. In 1993, the Board of Game lengthened the season to August 20 o
September 20 and dropped the archery-only hunt in GMS 15A.

Research/Management Efforts

The Kenai Moose Research Center was established from 1966 to 1969 and has since been operated
under a cooperative agreement between the Service and the ADF&G. It is located on the Kenai
Lowlands in the northern KNWR. and consists of four one-mi® enclosures, housing and laboratory
facilities. The primary purpose of its establishment was to study moose-habitat relationships. A wide
range of research activities, including studies to determine movement parterns and identity of moose
populations on the Kenai Peninsula, habitat carryving capacity as defined by the daily and seasonal
nutritional requirements of moose, and the response of habitat to manipulation and browsing, to
identify physical and physiological parameters which could be used to assess moose population
condition, to test and develop new immobilization drugs and capture techniques, to assess the sffects
of predation on moose population dynamics, and to assess genetic variability in Kenai Peninsula
moose have been conducted by the ADF&G at the Moose Research Center since its inception.

The Service conducted a telemetry study to determine the effects of winter seismic exploration on
moose movements and use of two important wintering areas (1969 burn and Slikok Lake) on the
ENWR from 1980 to 1952 (Bangs and Bailey, 1982).
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MANAGEMENT IMPLICATIONS OF RECENT MOOSE
POPULATION DYNAMICS

Moose populations on the Kenai Peninsula have fluctuated widely during the past 100 vears. primarily
in response to habitat changes produced by human-caused wildfires. The extirpation of wolves in the
early 20th century (Peterson et al. 1984) and a predominantiy-mild winter weather regime on the
Kenai Peninsula in which occasional severe winters occur also contributed to the sharp increase in the
GMS 15A moose population. These high density moose populations resulted from favorable habitat
conditions created by two large human-caused wildfires on the Kenai Lowlands in 1947 and 1969.

Moose population estimates for the northern and central portions of the KNWR from 1964 o 1971
were the highest on record (since 1964 when systematic surveys were initiated) (Table 8).  Estimates
of moose numbers in GMS 15A and GMS 15B ranged from 3,800 to 5,300 and from 2,300 10 3,300
during this period, respectively. Evidence suggests that a decreasing habitat base resulting from forest
succession in the 1947 burmn and the occurrence of severe winters were the primary factors

responsible for a substantial decline in these moose populations in the early 1970s. By 1973, the
estimated moose populations in GMS 154 and GMS 15B had declined to 2,200 and 1,200 animals,
respectively. Moose were in poor physiological condition, pregnancy rates were low, and high
overwinter morality was documented during this period (Bishop and Rausch 1974, Franzmann er al.
1976, Oldemeyer ef af. 1977, Bangs and Bailey 1980).

Table 8. Moose population estimates for GMS 15A and GMS 15B, Kenai Feninsula,
Rlaska, 1964-15596.
GMS 1EA EME 1S5B

Year® Estimate BO0% C.I. Estimate B0% C.I.
1554 4438 3458 - 5413 2307 1578 - 3036
1365 4412 1473 - 5351 31le2 2254 - 4068
1366 31848 3253 - &a4f 3314 2587 - 4041
1967 4082 3217 - 4846 2683 2003 - 3375
1371 5288 4371 - 6224 2537 186% - 3208
1973 4516 3515 - 5518 1224 B12 - 1837
1974 3157 2585 - 3810 1652 1153 - 2231
1875 2175 1615 - 2734 1182 702 - 16582
1376 2B31 2277 - 3386 1018 715 - 1318
1979 2588 1355 - 3220 850 533 - 1187
1982 43582 3267 - 5437 1024 710 - 1338
1387 2702 2440 - 2583

1990 3432 3114 - 3750 1033 715 - 13483
1835 1780 1543 - 2017

1396 542 794 - 10321

‘i 1584-67 - late fall (November-Decembar surveys)

1%71-50 - late winter (February-Mazch) surveys
1564-82 - guadrat survey techniques (Evans et 2l. 1388)
1887-96 - survey technigque from Gasaway et al. 15986

Source: ENWR, ADF=EG
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A more recent increase in the GMS 15A moose population occurred in the early 1980s in response to
favorable habitat conditions created by the 1969 wildfire on the Kenai Lowlands. The GMS 135A
moose population was estimated at 4,350 animals in 1982. This population has exhibited a declining
irend in recent years, probably as a result of forest succession in the 1969 bumn, severe winter of 1994-
95, increased roadkills { near-record high of 336 in 1993), and a record harvest of 657 bulls in 1994
The 1995 estimate for GMS 15A was 1,780 moose.

Favorable habitat conditions created by the 1969 wildfire apparently had little impact on the GMS 5B
moose population. It has remained relatively stable at approximately 1,000 animals since 1973 (Table
8). The most recent estimate (1996) for this management unit was 5942 mooss. Habitats in GMS 15B
{(and in that portion of the KNWR in GMS 15C) have remained relatively unchanged since major
wildfires occurred in the late 1800s and early 1900s. Subalpine and riparian habitats in these areas
contain willow communities in early as well as climax successional stages. These habitats appear 1o
be the primary factor responsible for the relatively stable numerical trends exhibited by moose
populations in GMS 15B during the past 20 years. Similar trends in moose populations are expected
to continue in the absence of major habitat changes (via wildfire) or a several-year period of climatic
extremes. Winter weather conditions, which significantly affect overwinter calf survival and thus
annual recruitment, exert a major influence on moose population dynamics in GMS 13B and GMS
15C. During 1989-90, when significant overwinter calf mortality was documented in GMS 15B,
combined human-caused maortality (harvest and vehicular accidents) and natural mortality probably
exceeded that year's estimated annual recruitment.

The GMS 13A moose population has historically sustained relatively high harvest, including harvests
of antlerless moose (cows and calves) during the 1960s and early 1970s, while habitat conditions were
good. Annual harvest of bulls averaged 354 from 1963 to 1971 and 268 from 1980 to 1986, while
habitat conditions were near ideal for moose in the 1947 and 1969 burns. Antlerless harvests in GMS
15A averaged 214 moose from 1960 to 1966 and 273 moose from 1970 to 1972. Recent harvesis in
GMS 15A and across the Kenai Peninsula declined from these levels upon implementation of selective
harvest regulations in 1987. Bull harvest averaged 133 in GMS 15A from 1987 to 1990. These
regulations have resulted in very conservative annual harvest rates ranging from 2.7-6.3 percent of the
total population during these vears.

Skewed sex ratios favoring females and male age structures favoring younger bulls resulted from past
"any bull" harvest regimes on the KNWR. Lower bull:cow ratios and more unbalanced age strucnures
occurred in more accessible areas such as GMS 15A and GMS 15B-West where harvest intensity was
greatest (Table 9). Bull:cow ratios of less than 10 bulls:100 cows were recorded in some areas on the
Kenal Lowlands in GMS 15A during the 1980s. Although low bull:cow ratios have not reduced
pregnancy rates of moose in other parts of Alaska, potential effects of skewed sex and age structures
include reduced reproductive success, a protracied breeding period which results in less viable
late-born calves, and a decrease in population quality through an increase in breeding by
genetically-inferior animals (Ballard et al. 1991).

Subazlpine habitats in the Tustumena Benchlands in GMS 15B-East and the Caribou Hills in GMS 15C
have historically supported the highest bull:cow ratios on the Kenai Peninsula (Table 9). Ratios ranged
from 46-173 bulls:100 cows during the late 1950s and early 1960s. Relatively high proportions of
bulls in these areas are older, large-antlered bulls, and these areas are important moose rutting areas
(Bailey 1978, D. Holdermann, ADF&G, pers. comm.). That portion of the Caribou Hills on the
KNWR may become increasingly important to moose as development occurs and access improves in
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of-KINWR portions of this critical moose habitat.

Table 2. Bull:cow ratios in GMS 15A, GMS 15BE-East (Tustumeana
Benchlands), and GMS 15C (Caribou Hillsg), 1957-1995.
;gll:ﬂnw Ratio
Year GMS 15A GMS I5B-West MS 1lES-East GeSs 150
1557 51:100 13:100 53:100 104:100
1858 4£B:100 12:100 48:100 139:-100
1585 36:100 28:-100 €6:100 T7o2:100
1560 £2:100 19:100 46:100 E0:100
1581 26:100 22:100 S3:100 175:100
1962 17:100 15:100 49:100 3B:100
1563 n.s. n.s. n.s. n.m.
1964 12:100 20:100 51:100 n.s.
1965 13:1060 £4:100 n.s. B5:100
1966 17:100 S:100 n.s. 26:100
1567 12:100 n.s. n.s. 25:100
15€8 17:100 n.=s. 23:100 n.s.
19659 13:100 26:100 33:100 19:=:100
1570 14:100 27:100 £9:100 23:100
1571 21:100 n.s. n.=s. 36:100
1572 16:100 13:100 35:100 11:100
1573 8:100 .6« n.B. 23:100
1574 9:100 n.A. n.s. 22:100
1578 n.e- n.e. n.s. 15:100
1576 11:100 n.s. §5:100 20:100
1977 1l:100 1s:100 44:100 15:100
1578 © l4:100 n.s. 6€5:100 40:100
1579 51:100 n.B. 23:100 n.s.
1980 31:100 n.s. 29:100 n.s.
1s81 £€4:100 14:100 78:100 n.s.
1582 13:100 14:100 .- 21:100
1583 14:100 B.E. 63:100 i18:100
1584 i.s. n.s. n.s. n.s.
1985 12:100 n.s. n.s. 19:100
1588 i.=s. n.gs. n.S5. n.g.
1987 16:100 n.E. n.=. n.f.
1388 18:100 n.=s. n.s. 14:100
1589 22:100 17:100 n.s. 26:100
1550 23:100 10:100 T2:100 37:100
1851 22:100 n.=s. R.5. 61l:100
1592 22:100 n.s. S0:100 52:100
1554 24:100 n.=. £7:100 30:100
1955 n.E. n.s n.=. n.6.
f.E. - not surveyed

i.s. - incomplete survey
Scurce: FNWR, ADF&G

Current selective harvest regulations using antler classes for bull moose, implemented in 1987, have
resulted in gradual increases in bull:cow ratios and in the number of prime-aged bulls in GMS 15A.
In fall 1994, the bull:cow ratio in GMS 15A had increased to 24 bulls:100 cows. Prime-aged
bull:cow ratios increased from 1:100 in 1987 o 6:100 in 1991. Although fall population composition
data for GMS 15B and GMS 15C are limited and inconclusive, bull:cow ratios and the number of
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prime-aged bulls in these management units have apparently increased in recent years under these
regularions.

The moose population increases which followed the 1947 and 1969 wildfires occurred under different
predator-prey regimes. The moose population irruption following the 1947 wildfire occurred in a
bear-moose system while the most recent irmuption occurred in a multiple predator-moose system.
Wolves, which had been extirpated in the early 20th cenmry, recolonized the Kenai Peninsula during
the 1960s and had occupied most suitable habitat by the late 1970s (Peterson ef al. 1984). Moose are
the principal prey of wolves on the Kenai Peninsula (Peterson er al. 1984) and are imporant prey of
brown bears and black bears (black bears prey primarily on moose calves) (Franzmann et al. 1980,
Franzmann and Schwartz 1986).

Highway accidents involving moose have recently become a major source of morntality for moose on
the Kenai Peninsula (DelFrate and Spraker 1991). From 1984 1o 1990, 225 moose were killed
annuzily on Kenai Peninsula roads. Highway mortality appears selective for calves (DelFrate and
Spraker 19%1) and was the principal source of momality for radio-collared prime-age female moose in
one related study on the KNWR (Bangs ef al. 1989). In 1995, a record roadkill of 336 moose
occurred,

The namural process of forest succession on the Kenai Lowlands, the potential of severe winters
predominating over a several-year period, the reestablishment of a multiple predator-moose system on
the Kenai Peninsula, and high roadkill mortality have significant and immediate management
implications for KNWR moose populations. The moose population in GMS 15A is the most likely
KNWR moose population to be impacted in the near future by all of these factors.

Unless new early seral habitats, created by either planned habitat management or wildfire, replace
those created by the 1947 and 1969 wildfires in GMS 15A, the moose population will namurally
decline as forest succession proceeds in the 1969 burn, habitat management areas, and in the
mid-successional forests of the 1947 bumn. Early seral habitat in the 1947 burn and in the 1969 bum
supported wintering moose densities as high as 10 moose/mi® (Table 10). The relationship berween

Table 10. Estimated winter moose densities (moosa/mi?) in 4 habitats in GMS
152, 1887 and 1585. ¥

1887 1990 1985
Habitat Dansity B50% C.I. Density 80% C.I. Dengity 80% C.I.
1969 burn 5.1 B.5-9.86 10.0 5.7-10.3 3.5 2.8-5.2
Residential area 17 0.8-2.5 E.E 4,.2- 7.0 not availablea
1947 burn 0.7 0.3-1.0 1.3 0.%- 1.7 0.3 0.3=0.5
Mature forest 0.4 0.1-0.7 0.7 0.4- 0.9 0.5 0.2-0.8

Sgource: FNWR, ADF&G

winter moose density and forest age in the 1947 burn from 1964-1990 (17-43 years post-fire) was
highly significant (Loranger er al. 1991). Moose density in the burn declined at a rate of
approximately 9 per cent per year during this period. Winter moose density in mid-successional forest
in the 1947 bumn declined to 1.3 moose/mi’ by 1990 (Table 10). Winter moose density in late
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successional forest on the Kenal Lowlands is currently estimated to be less than | moose/mi®.
Recent decreases in indices of moose reproductive success (calf:cow ratios and twinning rates) indicare
hat the decline in habitat quality due to forest succession in the 1969 burn may have already begun
(Schwartz and Franzmann 1989). The impending moose population decline in GMS 15A as wintering
habitat in the 1969 bum is lost could be abrupt if severe winters predominate over a several-year

period.

Some loss of early seral forests and lower mooss densities in the future in GMS 13A appear likely for
several reasons. The length of the namral fire cyvcle on the Kenai Peninsula is unknown. butr narmura]
wildfires occur infrequently here compared to other areas in Alaska because lightning swikes for
ignition are rare and fuel moisture conditions are seldom dry enough to carry a wildfire. Improved
fire suppression capabilities have decreased the likelihood of large escaped wildfires, either namral or
human-caused. Lastly, several factors (discussed in the Management Recommendations section of the
Plan) have restricted recent habitat management activities on the KNWR. Nevertheless, planned
habitat management using prescribed burning, if it can be successfully implemented, appears to the
most likely means to ensure maintenance of early seral habitats capable of supporting near-curremt
moose densities in GMS 15A.

Harvest intensity on the KN'WR during the last 40 vears has been greatest within GMS 13A.
Consistently high moose densities, relatively easy access to much of the area, and ideal visibility
conditions in bumed arsas were contributing factors. These same factors have resulted in ideal
conditions for viewing and photography. High levels of public interest in and use of moose for both
consumptive and nonconsumptive purposes will continue in GMS 15A while moose densities remain
relatively high. A moose population decline in this popular area could result in conflicts berween user
groups and controversy regarding predator management.

Both moose and predator populations have and will continue to be impacted by humans on the Kenai
Peninsula, and the results of moose-predator interactions in such ecosystems are difficult to predict
(Van Ballenberghe 1987). Certain aspects of future moose-predator interactions are predictable,
however. Should a population decline concurrent with a loss of quality habitat occur in GMS 154,
the moose population’s rate of decrease might be accelerated by predation. Predator and scavenger
populations will ultimately adjust densities downward to compensate for the decreased food supply.
Low moose densities and reduced predator and scavenger populations would necessitate reduction in
current harvest levels, decrease opportunities for nonconsumptive uses, and likely result in significant
controversy over resource allocation. At low densities, the moose population might be regulated
indefinitely by predation at densities below that which could be supported by available habitat, as is
the case in many multiple predator-moose systems in North America (Gasaway er al. 1992).

Moose densities during winter in off-KN'WR residential/developed areas appear related to winter
severity, especially to snow depths in surrounding areas. Moose density in the Kenai-
Soldotna-Sterling area in GMS 15A reached 5.6 moose/mi” during the severe winter of 1989-90 (Tabie
10), and a record 366 roadkilled moose were recorded on the Kenai Peninsula that year. Residential
areas in GMS 15A may increase in importance as moose wintering habitat as habitat quality declines
in the 1969 burn, currently the region’s primary moose wintering area. If this occurs, highway
accidents involving moose will remain 2 significant source of mortality for KNWR moose populations.
The widening of the Sterling Highway between Soldotna and Sterling, may exacerbate the problem by
increasing vehicle speeds.
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